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LEWIS RALPI 

1864 - 19 ^ 

(; . , Iv Y. I T T A N I> V . V . R. A N' D ^ 

L(nvis linlpli Jours, 1 . J‘(‘ssoi* Eiiieritus of PJaut Patholooy of the Thii- 
vcrsity of \Vis('(»nsiiK died at OrJando, Florida, on April 1, 1945, in liis 
eijility-lirst vrar. In his pijssinji 1li(‘ T'riiversity of Wis(H)nsiii has lost one 
of la^r jireatrst scdiolars, tiu‘ Aineriean Pliytojiatholo.siiisil Soeiety one of its 
founders and leading’ s])irits, an<l hiolojiieal seienee one of its most eonstrue- 
tive leaders. Mis many studrnis llirou^diout the world luive lost a beloved 
f<‘aelnvr and trusted friend. 

His for(‘hears wei-e vigorous ajnl able i)iom‘ers in llie settlement of this 
eountry. His father, David Jones, born of English ]>arents in 1828 at the 
border of England and Wales, ('aim* to America Avith liis family at the age 
of fourt(*(‘n. After tli]■(*(* vi'ars at Ltiea, X(*w York, the family settled on 
a farm near K(*nosha, AVisi'onsin. At the age of twenty. David bought a 
tract of governrnt ht land in Alelomen townshi]) of Fond dii Lae County, 
n(‘ar tin* site on wliiili tin* \ illage of Prandon lat(*r was establislied. Here 
he built his liousc and liv(‘d a hrug and useful ]if(‘ as a sne(*essfid farmer 
and a leader in thi* ('oniniiiuity. He raised (Juerns(*y cattle, and his oats 
won a l>ron/e medal at the St. i.ouis Exposition. In 185G, he married Luey 
Jam* Knapte who was d(‘seended from a long line of Mfew England and 
Penn>yl\ania Duleli ancestors, sonn* of whom V)e('ame ]>ione(*rs in westmai 
W'riiiont soon after lie lo‘volntionary War. Luey Jane, daughter of Alva 
and Alarv Ciithherl Knapp, was liorn at Starkslioro. Vermont, iMay 27, 18J7. 
! ' 1850, parents moved to .Metoinen townshit), and ]at(*r to IVraiidon. 
led'ore In*!’ man r - sh(' was ti’aidn*! " tin* hx'al district school. She was a 
woman of mic' v i s^end eharin and a (liseriiniiiatiug rt*ader with broad 
inteia'sts. l^'idin girlhood in oin* of the most ]uetnres(pie of the (Ireen Aloun- 
tain valleys Nhe bron;.i!it a h»ve ot natnia’, and es|)(‘eiany of plant life, that 
sIk’ early iinparh’d To lier ehildreii. She was d(‘voted to her family and to 
dn* ('ultiiral and religions lile of the ('ommnnity. Hers was the dominant 
.nt]m*ne<‘ in making it jiossilih* for her son, Ralpli, wJio early .showed the 
'cnt of a selndar. to pn‘pare himself for a liberal (‘dueation. 

Lewis Kaipb. the third of siv children of David and Luey Knapp Jones, 
was born (ui Deeember 5, lSb4. In their busy home of Ivigh id(*als and 
sterling vahu’s were laid thi fbnndations of tin* ehai’aeter that was to guide 
iiim so w'(‘11. His early edn(*ati(ui was at Prandon. From 1883 to 1886 lie 
attended lvip(m (7)ll(*Li’e. where In* bei'ame attracted to biological seienee 
under tin* stimulating infhieiiee and heliifnl counsel of C. Dwdght Alarsh, 
Prof(*ssoi* of Cln’inislrv and Piology. For more advanced studies he went 

' (;rat(‘ful ;e'knewle<i^ni(>]its inmU* to i-ollengues in tlie T>r]>artmcnt of Plant 
Patlioloj^y of the rniversity of Wisctuisiii and to niany otlnn* fonni'i* stinUnit.s ami friends 
of Proft'ssor .tones for their assistanee in the pn'paration of this sket('h of his life and 
works. 
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ill 1886 to the I'liiversity of Micliijitiii. His iindorjjiraduale ediieation was 
oriented towards iiiedieine, bvit in Jiis seiiioi* year lie deeivled to <40 into plant 
])atliolof>y instead. In making tliis deidsioii, Jie was miuvli influene(‘d by J)r. 
A’oliiey M. Spalding, Professor of liolany. aiul Erwin E. Sinitb, Ibcn a 
Jiiatur(‘ and exeeptionallx brilliant graduate student wbo was already well 
started in bis distingnislied eareer in the (iniloil States L)e{)artment of Agri- 
eidtuiH^ in liis last stmiester as an undergraduate be was privileged to 
attend Smilirs doetorai exaniination. In bis own words: ‘‘This examina¬ 
tion eoi'ered Smitirs early work on ])eaeh yellows. Tbe glimpses thus given 
me of tbe signifieanee of and o]>poi*tunity tor rest^areli in the field of ])lant 
pathology were most inspiring. . . . In etmfertvnee A\ itli rny wise and re¬ 
vered eoiinselor. Professor A’oluey AI. Spahliug. tlie dei'ision to turn to plant 
liatboiogy was promfitly reached and iiever since regretted.’’ 

Tlie arresting fact that tbe Pniversity of Michigan shouhl at tliis time 
have launched upon tbeii’ carcHU's two young men who were to b(‘coiU(‘ out¬ 
standing leaders of their general ion in botli plant j)atbology and tlie broader 
field of biology and agrictdture sugLiesls some consideration of background 
events, (ireat developments in American educa ion and research were in 
tbe making, tbe Pniversity of Alitdiigan was lan'orniiig oiu' of the foi'eniosi 
(.‘(‘liters of learning in this conntr\', and the pioiuMM* honu's of tlie Middh* 
NWst were pnalueing* young men with the eharat'tcr, ideals. int('[leet, vmor- 
ons initiative, and synijiatbetie understanding of iuhmIs that «mabl(*d iliem 
to meet the great calls for s(*rvi('e that so rapidl\ de\'e1oped. 

Plant pathology in .\meri('a was in its infaiiex’ at a tinn* wlieii a lapidly 
expanding agrieult iiih* was presmiting plant diseast' jirolih'ins of g'r(‘at 
urgeiKfv. The foundations of this new .sei(*n(*i‘ liad liemi laid in l‘'in‘o|H‘ 
by sneh jiioneers as Pri'-vost, the 'rnlaNues, d(‘ Ibiry. and Kiihn. and siiniiar 
advances had b(‘en made in tlie field of infections dis(‘r - ■ ot animals and 
man by Koch, Pasteur, leister, and others. Farlo' ha ' studiiMl nndm' 
d<‘ Bary in the mid-seventies and hroneht tin* inspiration and methods of this 
gr(‘at header to Harvard, wliere lie had beeiin training iinm, esp(‘cially in the 
taxonomy and lifc-liistorii's of parasitic fungi. iVnrrill, at tin' rniv»*rsity 
of fliinois ill 1878 to 188.1, had made the classic discovery that bacteria im'it(‘ 
the fire blight disease of ap}»h‘s and pears, and piom*!*!- work on plant dis¬ 
eases w’as nmi(‘r way in many stat«*s. By 1885, Millai-dtu ami otlnn-s in 
Fram'c had dist'OVCTvd Bordeaux mixture* atnl domonstrated sm-li dramatir 
snc<*ess in its eontro] of (I(*s1 metive |»lant disease's that great impetus had 
beeni givem to the developin(*nt of plant pathology and related liclds oj‘ agri- 
ciiltural s(*ience. A s<»eti(») of myi'otouy, elcvoted primaidiy to work on 
plant diseases, had been csPdilisbcd in tbe I'. S. Dcpartnu'nt ot‘ Agricniinre 
in 1886, and in 1887 the Hatcli Act liad made possible an agri<‘nlt nral <*.\peri - 
menl station in each state. 

\)i ilie mid-eighties, tin* Pniversity of Alicbigan Avas ]‘a])idly <|<‘vcloping 
in scienri.fic strengtli and b.aderslii]). Dr, V'ictor C. Vaughan was i>i‘ginning 
tlie |■i'ogr^m in medical bacteriology that he and Dr. Fr(‘d(‘rick \ . Xovy 
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(‘onlijviu'd willi siKrh suc(‘p.ss. l^rofessor A[. Spalding sensed tlie 

great needs and ()[)i)()rtrmi1 ies in the new field ni' plant j)atho]()gy and eneorir- 
aged his sliidents to work on plant dis(*ases. On(*e they Jiad the o])))ortunit\* 
to engage hi sueli studi(‘s and envision the needs for service and the oppor¬ 
tunities foi‘ so,ien title eon tri hut ion in this field, it was inevitalile that men 
witli the sphmdid natural a|>titu(Us and tine spirit of Smith and -lories should 
ent(‘r it with all tlieir etiergios and enthnsiasin. 

-Jones' first teacdiing experiem'e eanie hetween his junior and senior 
years, when lie s(‘r\'e<l as liistruetor in Xatui'al SeieiU'C at Mt. Morris Aead- 
einy, Mt. Moivris, Illinois, lor the year ot 1S87 and two terms of 1888. The 
sueeess of tliis early t(‘aehing is att(*sted hy the life-long friendship ot niem- 
bers of his classes. 

rpon (M)inph‘ting liis e«vurse ami re(*eiving the Pli.B. degre(‘ in 1889, lie 
was etdled to the I’niversity ot X'ermont. whore he served as Botanist of tlie 
Agri<'ultUral J^lxiieriment Station. 1889-1910. Instnu'tor in \"atui‘al History, 
1889-91, Assistant Ih'otessoi* of .Xatui'al History, 1891-92, Assoiuate Pro- 
f(‘ssor of Xatural IIistorv. 1892-90. and Professor of Botany, 189d-1910. 

On -lime 24, 1890. he married ^lay J. Bennett, a classmate at liipon (-ol- 
leg<>. She shared tiiMn'roiisly in hi'< life's effoi't, making nian\' personal 
saio'iliros to help him meet tlie urgent pre.ssiire of woi'k dinhiig liis (»arly and 
middle yi^ars and keejiing tindr ho.s])ital)le hom(‘ always open to his stmlents 
and otln'r friimds. Slio pass‘‘d away pearofulix in tier sleej) on Se])temb<‘]‘ 
22, P)2(>. 

His twenty years at the Cnivtvrsily o}' \'ermont, inters]>ersed witli travel 
and s|meial studitxs at the ('niversity «ef Michigan, in the Idiited States 
1 Jepai’tiiKUit ol’ Am'icnhlire, and in Kui’o|>f. marked the first stage of Pro- 
fesNur -](Mies’ eai'eer ami estaldislied him a-^ a leader in Aimndcan botany and 
jrlaiit t»atliology. in this early formative peri(.Ml in the development of the 
state aerii'iiltural expc-rinient stations, tlie Pniled Slates Department (*r 
.\grieidtlire, ami the stati^ eoileges and imixei'sit ies. his conlrilmtion was 
I'ieh ami varied. Most men are foi’tiinaie if tliey eaji rmidei* distinguished 
sei*\iee as tixjelier, in^o'st igalo)*, m* admiiiisii-aior ami buihler in edueation 
ami research. Pi*ol‘ess(tr .ban's made distinguislied contributions in all of 
tin .‘sf iii'lds. 

He heeame one ol‘ the 1110^1 rlfriOivv ami lieloved leaidiers in the hislory 
of t)u* I'niversity of N’ermnni. He was held in tile liighest alfectioii liy liis 
stmh'Mts and so groat xvas ids esteem hy the student body tliat many who 
Avere eoiUM'utrating in unrelated fiohls took work with liim to experi'Uiee the 
inflm'iieo of Ills tutelage ami personality. Some of tliesi' were so attratUed 
that lli(\\ eontiniH’d in his field for tlnnr life nork. During his last i«'w 
yoMi’s at \’ermout ovt'i* a .•-('ore of students went out from his laboratories 
into pi-ofessioual work in ]>laiit seieuee. 

Ho was liigliJy iirodiictive in researeli ami in its {>rae1ieal appli<';Uions, 
di'veloping a national leadej'slii|» in stm.lies i>f the nature ami eoutrol of. 
jdant iliseases. His first imporlaiit eonirihiition was his ])ioneeriug in tlie 
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adaptation of Bordoanx mixture to use in America. Bt\2‘innin*4’ witli ext)eri- 
ments in the summer of 1883, in whieh iate blight of i)otato was sueeessrully 
prevented, l)e rapidly developed methods for llie pra(*tieal control of tliat 
disease and of both appl(‘ and ]>ear scab by this “mai'velous new Freneli 
funjU’ieide.” Examination of the ap}>(*nded l)iblio‘iraphy will ‘»‘iv{‘ sonn* idea 
of tlie wide si*o|)e of tJie w(»rk that followed. The praeti('al ne(*ds of airivieul- 
ture and forestry were »j;iven all possible eonsidei'ation. Duties that in otlu'i* 
hands mig’ht have been routine were made to yield lii^h (‘dueational values, 
and eontaets witli the farmers were ma<le to (Contribute* both to the solution 
of their problems and enlistment of their interest and eoo[)eration. Not- 
withstandin.u’ the multiplicity of duti<*s, certain j)rol)lems were se'hrted for 
intensive rese'arches that residted in (contributiems of the hijihest epiality. 
Notable aTiionj^ tliese W(‘re his investigations of potato diseas(‘s, barlm-ial soft 
rot of vejietables. and sap How in snjiar maple. 

The work on potato diseases included studies at the ruiversity of Miehi- 
^'an and in Europe, wh(*i*(‘ from April to September ol' l!t04 he ^•isited lead- 
in?4’ laboratories in England, France. B(‘h^ium. llollaiid, and (lei-nian\ and 
became ae^juainted Avith many of tlu* ioi*(*niost ])|ent scientists and ])laul 
eulturists of tIi(Ase countries. Commissioned b\' the Fnit(Ml States l)epai*l- 
ment of A^Tieulture to niak(‘ (*olh‘etions ot potato vari(‘ti(‘s that breeders 
of this country jnielit use in the (*nd(‘avor to dev(*]oj) stocks resistant to 
disease and su])ei'ior in other (pialities, in* l)rou<iht bav'k o\(‘r !M) varietiivs. 
Tliese were studied at A’^erimnd in association with Professor William Stuart, 
and turned over to Professor Stuart for further studies when tlie latter 
became leader of tin* jiotato breedin.u' program of tlu‘ Pniled fsiates l)epai*t 
nient of Ae-ricnltui't*. ddie classical pap(‘r on lat<‘ bli'..»lit of jiotato published 
in 1312 by Join's, (iiddinns, and Imtnian as Jhdh'tin 245 ef tin* Ibircaii of 
Plant Indnsti'y r(miains tlie most eomprchcnsive and antlioritati\c jndilica- 
tion on this important disease. 

Another notidrle ex])ei*i(m<»e diiriny tin* X'ermont years was tlu‘ six months 
sptMit, in 1833 in Erwin F. Smitlrs ialioraforv in Washinuton, wlnm at 
SmitlPs invitation he took Ins probhnn on baettu-ial std't rot of \’t‘ectablcs 
thei*e lor s])eeial studic's. This was a very fortimatf* ami si^iiilicaiit c.xperi- 
em-e foi* all coneerned. It enabled him to i*em‘w his associations witli Smith 
and brouj^ht him into (/lose ('onta<ds with a f-iroiip of (mtstandiny Icadm-s in 
the <leveIo]>ment of the Bureau of I’lant Industry. Community of interest 
drew tliem to^etlier in informal .s<miinars that met fieipnmtly in one or 
another laboratory, 'fliese wi'ia* sn|)])lemt‘nt(‘d by Inmdiine' toj^idhm* and 
by ‘‘Dutch” dinners at llarv(*y’s famous seafood restaurant. Besidt's 
Smith and Jones, re^iidar attendants inclmh*d A. F. Woods. IP T. Calloway. 
M. B. Waite, Mark A. ('arlcton. and Theodore IJolm, Tlicsc informal 
seminars latei' develo|)(*d into the Botanical Seminal- of tlie Bni*eau of Plant 
Industry and finally into the Ih>tani(‘al Socdtdx' of Washington. In ri'caliiny 
these early cx|)eri(mees, Di*. Woods recently said: “The discussions wen* 
chiefly alone bactmvioloj'ieal and pliysiojoo'ic}ii lines, and Join's was one of 
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tlie k*a(liii<»‘ spirits. Hr wms looked vi})od by the DepartiiieDt as a i)rizc 
visitor. He bron^lit to tlie p'Oiip th<* university ])oiiit of view. Tlioniili 
he (-aiiie I’or further t)aetef‘iol()<iieal traininjj and ex|)erieiiee as well as re- 
s(*ai’eh, h(‘ .liave fully as iiiiK'h as be <j:ot. We were proud to have him with 
us.” Out f>f such relatiojjs «*:rew mutual uiiderstaiidin*^- and eonfideiice, 
and the way was pa\’ed foi* life-loiijLi assoeialions of ereat advantage to all 
eoiie(M*ned. 

A further outeome of the investigations on })a('tejvial soft rot of vegetables 
was the pul)lieation of Ib’of. dojies’ (dassieal |>ai)(‘rs deseribing Bacillus 
carofoiunvs and showing the mechanism of its incitation of rotting by 
j>r(Klu(dion of the enzyme, pectinase. wliich diss(»lves the middle lamellae of 
the cell walls <)f the host plant. 

In IMOl and 1904 jxn-iods of gradnatt^ study were spent at tin* rniv(M*sity 
ol Michigan, fi‘om which Ik* receiv(*d the lOi.I). degrei* in 1904. 

ih*()fessor don(‘s’ infhience at \'(*i*mont ext(*nded far l)eyond the boun- 
dari(*s of his s|M‘cial tit‘l(l. lit* was a trusted counselor, both of students 
and ('olleai!'nes, and a h*ading s|)ii-it in tlie ”.fe of the I iiiversity. lie was 
IIk' leading oi'gaidzei’ of tin* Vermont llotanical Clid) and tiu* initiator and 
a i’r(‘sid(‘nt of the \d‘rmont l'<n‘(‘stry >\ss(Mdation. The 1., Iv. Jones State 
l‘’of‘est (tf \'eriiKnit was nain(*d in rec(»gnition (J' his sei*vices to forestry. 
He was a h‘ader in the !iio\ t‘menr that estahlislu'd training in home eeonomi(*s 
at \'erni<tnt. and was hivlily inslrnnienlal in starting teachei* ti-aining woj*k 
tluMs*. It is a trilnite to Ids acconi|)lisliineuls as a. teacher tliat lie was asked 
to s(*r\«‘ as the tii*st Dean of the 1 lejiartnn'ut of Teaching. Tins assignment 
was ('aindcd in addition to his other work. 

In 190.9 lO'id'essor Jones was ('ailed to the ridversit\' of Wisconsin to 
found its Dejiartnient of Plant Pathology. DiOicnlt as it was to leave the 
fri«‘nds and asscx'iations in \d‘nuont. the d(*eision was made easy, to use liis 
own woi'ds, . . . '^siiK-e wv could hy ]*etur»dng to Wisconsin ])(‘rsonally 
renew our eai’Ix honu* associations and professionally nu*(‘t tin* increasingly 
(‘vidcut r<*s])onsihi 1 ity of o]M‘ning thus, in a larger university part.ienlarJy 
'strong: in hcJanical t radit ions and associations, opjiort uidties for the train¬ 
ing . . . of yonng(‘r nii'ii and women heyinid tliost* whiidi had been possible 
to ns oi' the older gi'nerat ion." 'fo his ju'W' task, which lie look np on 
Peinuary 1, 1!H(), he l)i*ongin tin* raia* talents and devotion that were to 
will him recognition, not mily as the dean of the |)hnit patliologists of Ins 
gt'in ration, but also as one of the !(‘adt‘rs of nis lime in the broad field of 
biology and agrierdlure. 

H(‘ (‘(Unbilled tin* liigliest id(‘als of seiiolarshij) with a first-hand under¬ 
standing of the ]>ra(*ti('al needs of agi-ienltnre and a vital interest in the 
applieations of sm’em'e to the servict* of mankind, lb* was rarely gifted in 
nud(*rs1anding and inspiring IxJh his stmhuits and his ('olleagnes, and gave 
of himself witliout nvservation. H<* ha<l the vision and the ability- to inte- 
grat(‘ his new departim'iit (doseiy with i*elateti departinents of the 1/niversiry 
and Avith th(‘ U. S. l)(‘partinent of Agrieulinre, always fostering nuitiial 
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assistance and cooperation. From the beginning it was his policy, insofar 
as possible, to send his students for basic trainiiijo: to the related depart¬ 
ments concerned, developing* in plant pathology only research and such 
special courses as were deemed essential to supplement the basic training. 
Because of the close natural relationshii)s of the two fields and the strength 
and cordial eooi)eration of the Department of Botany, work in plant pathol¬ 
ogy and botany was especially closely integrated. Much of the strength 
of th(* development in ]i1aiit pathology was made possible by the splendid 
cooperation of Dr. It. .V. Harper and his colleagues in the Department of 
Botany from tlie outset and by their successors throughout the years. 

Professor Jones conceived of research as the central activity about which 
to build his department. Only by competent research on the basic problems 
of plant disease development and control could the practical needs of agri¬ 
culture be met. Only upon the results of siu'h research could adequate 
instruction be based. He knew that students learn best by doing, and 
early recognized tlie gi*eat advantages of closely integrating postgraduate 
teaching with tlie research program of the department. Never desirous of 
ambitious buildings or unnecessarily large ap’)ro])riaiions, whose dangers 
he well reeognized, he was ex er eartu'st in urging provision of tlie facilities 
and funds necessary foi* tlie effective and <*eouomical development of tlie 
work of the departmenl, and was excejitionally gifted in bringing togellier 
support from different sources for attack on common problems. 

Students came to his laboratory from all oven* the world and liave gone 
fortli to most of our states and to many foreign lanchs with the benefits of 
his training and the stamp of his character. Thongli liis objectivi* was 
always cjuality rather than (luaiitity. his department has trained 145 stu¬ 
dents as majors in plant patliologn* Avho have Ikmui awai'ded the Ph.D. 
degree by the University of AVisconsin. Professor Jones lieliexed strongly 
in tlie value of the ancient custom of migration of students, and encouragi^d 
it, botli ill welcoming those from other institutions and countries and in 
advising his own students to broaden tlieir horizons by studies els^nvherc. 
Similarly, no opxiortunity was missed to encourage exchange of visits with 
qualified colleagues from other institutions. 

Though the time that Professor Jones eonld devote to iiis individual 
researches in the years at Wisconsin was progressively limited In' the multi¬ 
plicity and weight of his other resjionsibilities, the quality of his work set a 
standard for all. In develojn'ng the research program, as in otlier lines of 
building the department, it was his method to select men carefully, assign 
their responsibilities, and then give them all possible freedom, support, and 
encouragemenb in their work. • He realized that what lie could accomplisli 
by aiding in the dev(‘lopment of men, jirograms, and institutions would 
greatly ontweigii any jiersonal research cruitribution he might hojie to make. 
Furthermore, liis greatest satisfaction was in assisting Ins students or ('ol- 
leagues to find themselv(*s and in seeine- their growth and accomplishmenls. 
He was scrnpulonsly careful to see that all possible desiu’vcd credil went 



19461 


Keitt and Rand: Lewis Ralph Jones 


7 


to his students and associate's. Ilis contribution as director of the research 
work of his department and as a leader and counselor in the development 
of trends of research was of the highest importance. Notable examples, 
both of his jiersonal research and his leadership in trends of research during 
the AV’^isconsin period, are liis contributions to the stud}" of disease resistance 
in plants, including development of disease-resistant varieties, and his work 
on the influence of environment on plant diseases. The late Dr. E. J. 
Butler," distinguished Director of the Imperial Mycological Institute (Kew, 
Surrey, England), pointed to the high-light of l^rofessor Jones' contribu¬ 
tion as follows: “There are three phases in the history of plant pathology: 
First, the ])eriod of de Bary, in which the fungus held first place; second, 
the period in whiidi th(» host received most attention; and finally, the present 
period in which disease is considered as an interaction of both under the 
conditioning influence of the environment. The leader in this is Jones." 

Tlie development of liis department was but one of Professor Jones' 
great contributions during the AVisconsin phase of his career. His knowl¬ 
edge and (‘Xjjerieuce, breadtli of vision, wisdom, and rare constructive abili¬ 
ties were constantly in demand. 

He contributed gcmerously to the broader aspects of the development of 
the 1 ■niversity. He was one of the founders and leading spirits of the 
(lra(luat(‘ Biological Division, a faculty group sjiontaneously organized to 
foster gi'aduaie work and related interests in tlie field of the biological 
sciences. lie serv(*d on major committees of the University dealing with 
institutional policies, and his counsel was widely sought and highly regarded. 

Ilis contributions outside the I'niversity were varied and highly signifi¬ 
cant. One of special int('rest to readers of Phytopathology was his services 
to our Society, its members, and its journal. He was one of the founders 
and cliarter memljcrs of I lie American PhytoiiatJiologieal Society, its first 
im'sident (lf)()9), the first edit07’-iii-chief of Phytopathology (1911-14), and 
a life-long insjuring leader in the work of the Society. He contributed 
largely to tlie i^ajiid and sound develoimuuit of the Society and to the vital¬ 
ity, jiracticality, and generous sjurit of co<vperation and si'rvice tliat have 
characterized it. 

Pi’ofessor flones was also one of the leading sjiirits in the Botanical 
Society of Ainei*i(‘a. He serN cd a^ vice-pre.sident in U)l() and prc.sident in 
191:]. H(‘ was a ineiiilxT I'f tii(‘ coniuiiitt'e <tp])oiiite(l to establish a journal 

for this soeieiy (]9i;t) atid served on the Edit<.rial Committee of the Ameri¬ 
can -lournal of IJolaiiy (1014.Ih and 1019-21). 

At the end of tin* first worlil war. wlien many major responsibilities for 
seieiitifie leaderslii]) shifted from Europe to America, Professor .Tones’ 
seliool of plant patliolo<ry at 'Wisconsin was fully estahlislied and he was 
ready and able to eontrihnte larfrely to leadershij) in the broad field of 
hiolof>y and ajiriculture. He rendered valnahle sej-viees thron<rh his rela- 

- From rcm.ark,s iiinde at lln* )>aii(|iict «rivcn in aiiprccialiou of Professor Jones by bis 
foniior stiidoiits at Itliaca, N. V., .\uuusl IS*. t!*'J(i. as recorded by P. \. Hand. 
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tions ill the National Academy of Sciences and tlie National Research Coun¬ 
cil, serving? in the latter as vice-chairman of the Division of Biology and 
Agriculture from 1919 to 1921 and chairman in 1922. lie was one of the 
founders of the Tropical Plant Research Foundation and served as president 
from 1924 to 1943. He was one of the organizers of the Boyce Thompson 
Institute for Plant Research and served on its Board for the rest of Ids life. 
In 1943 he was appointed by President Roosevelt to the Science Advisory 
Board. 

There were many other special services or missions during these busy 
years. He found time while president of the Tropical Plant Researcli Foun¬ 
dation to go to Cuba as adviser on problems of sugar-(*ane (ndtiire. In 1926 
he w^ent to the Hawaiian Islands as consultant on pi-oblems of jiineapple cul¬ 
ture. lie visited Ibierto Rico in 1930 as adviser on agri(*ultural develop¬ 
ments. In 1930, lie made an extensive tour of Furojic and Kuropean Rus¬ 
sia, visiting leading laboratories, conferring with colleagues, and renewing: 
associations with his former students. This visit includ(‘d particii)atiiig in 
the Fifth International Botanical Congress (Cambridge, England), where 
he served as Chairman of the Section of Mycolrgy and l^lant l^athology. In 
1931 and 1932, he traveled extensivel\' with similar ])urposes in the Far 
East and the Islands of the Pacific, with special attention to Japan, Korea, 
China, the Philippine Islands, and Hawaii. 

Professor Jones had the* richly deserved gootl fortune to bo greatly 
at)preciated during his lifetime, receiving many honors at honu* and al)road. 
A list of his affiliations and honors is given on a later page. 

An unusual honor that touched him very deeply was the reunion banquet 
given in liis appreciation on the occasion of the pi'(*sentation of his portrait 
to the Universit.y of Wisconsiii by his former students, at tin* Intiuvnational 
Congress of Plant Sciences at Itliaca. N. Y., on August 19, 1926. Iligli 
tributes for his many-sided contribution wert‘ i)aid by W. A. Orton, A. O. 
Johnson, I. E. Melhus, H. A. Edson, and 0. AY. Keitt, repr(‘senting his 
former students, L. H. Bailey, R. A. Haiper, and Erwin F. Smith, repre¬ 
senting colleagues in the United States, and O. Appel and E. J. Butler, 
reiu*eseiiting colleagues abroad. AVith the portrait Avere ])res(*nted 22 vol¬ 
umes of the ('olIe('ted works of his students since 1910 to supi)lement the 
seven volumes that had been presented him when he left tln^ Univei-sity of 
A^ermont. It is unfortunate that limitations of sf)ace prevent imdiision of 
an account of the substance of these tributes and of I^rofessor Jones’ rc*- 
spouse. It must suffice to include his closing remarks, which so avcII illus¬ 
trate his ideal of service through science. 

^‘AYatching the trend in modern scientific d(*velopments as I have, I 
wish to warn you of one of the subtlest dangers faidng you collectively as 
Avell as individually. I refer to the danger of professionalism. If you 
understand my meaning I think you will agree that with the present out¬ 
look, and especially in a young, rapidly developing country like ours, it is 
impossible to esca])e this danger altogether. A"ou A'ermont boys need only 
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to revision that j^reat amateur botanist. Dr. Pringle, to understand what 1 
in(‘an by tJie spirit of amateurism as eomy)ared with professionalism—the 
devotion of one who is woj’kinp: for the love of seienee rattier than for a 
living'' throuj^'h seienee. And in Wisconsin w(‘ are Jiayipy in havin^^ another 
sueli in Dr. Davis. T^nfortunately, the temfitation to time-serving- |)rofes- 
sionalism is stronger today tlian it was a generation ago, when, for example, 
in the entire membership of the Vermont Botanical Club I was pertiaps the 
only one who was paid for studying plants. 

‘‘lint, fortunately, on the other hand, the objectionable aspect of pro¬ 
fessionalism n(‘ed not follow simply because om* reeeivf's a living wage as a 
botanist. Quite as fortunately, the dangers are in no wise pi*oportioned to 
the siz(* of the salary. It all depcmds upon one’s attitude toward his work. 
J ]iav(‘ no Tear as to this if we can only eoiitiiiue in the spirit in wJiieh 1 am 
sure you all have begun—the spirit of devoted scientific service. I like to 
til ink of those in slati* or federal ])ositions in iilant pathology as holders of 
honorary fellowships, as it were, for public service to society through crea¬ 
tive work in the field of the plant scdences. In this wa}* the best of that 
characteristic of the amateur spirit may lie adecfuately perpetuated in our 
])roi'essional group, let it grow to any size and sub-divide to any degree of 
sjiecialization. 

The pr(‘ssures of I’rofessor Jones’ scientific responsibilities were not 
allowed to mar the graeiousiu'ss of his life. lie was the kindest and most 
consi(h‘rate of men, ever available to his students and his colleagues for 
wise and sym])at}ie1i(* counsel. Ilis students were always Avelcome in his 
hom(‘, and many of tludr happiest memories cmiter about his hospitable fire¬ 
side. Always keenly interested and active in the cvdtural, civic, and re¬ 
ligious life of his coinmunity, he was a member of the University Heights 
Poetry (Jul), the Madison laterary Club, the I-niversity Clul), the Rotary 
Club, the Masonic Fratei-nity, and the Congregational Church. 

On flul\ 27, 1929, he married Anna M. Clark, one of his foruKU’ students 
at Vermont, who surviv<‘s liim. A distinguished teacher in her own riglit, 
she sliarcd fully in Ids int(‘rests. friendships, and hospitality; and after the 
fondition of his health required restriction of activities hei- loving care and 
congenial compaidonship made his twilight years very hap})y ones. 

In 1980, I’roIVssor Jones resigned the chairmansldp of his department 
and asked to be put on part-time servire in the Univei*sit>', in order to free 
additional time for tra\’el and his outside scientific responsibilites. He 
r(‘tir(‘d from active si'rvice in 1935, but continued to carry important resjion- 
sibilities in the National Academy of Sciences and as committee man, trvis- 
ti'C, and couns(‘lor. The leisure of his later years permitted much of the 
trav(*l that he and iMrs. Jones so much enjoyed. Always central in their 
ti’avel |)lans was the continuation of his long-establislied custom of visiting 
colleagues and feuTuer students, ever radiating (‘ncourag(mi(‘nt, inspiration, 
and good cheer. Exee|)t when interrupted by more exteiideil travels, the 
winters were usually spent in Florida and the summers at Mrs. Jones’ 
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ancestral home in Brookfield, Vermont, with a spring visit to Madison. In 
the winter of 1941, Professor Jones develox)ed a heart condition that neces¬ 
sitated some restrictions of his activities. Nevertheless, he continued to 
enjoy very good general health and retained his keen interests and kind 
and happy associations to the last. 

An event that touched him very deeplj^ and is a lasting satisfaction to 
his many friends was the receipt upon his eightieth birthday of some 250 
letters of affection and apprec^iation from former students and other friends 
from all over the world. 

He i)assed away peacefully in his sleep during the night of March 31, 
1945. He had been much interested for several days in formulating plans 
with Mrs. Jones for the coming montlis. Aj:)})arently he had no premoni¬ 
tions and suffered no i:)ain. 

Funeral services W'ere held at the Congregational Church at Madison, of 
wiiich he had been a member for 35 years, and interment w^as in tlie family 
lot at Brandon. 

Though his personal researches were of the first rank, Professor Jones' 
greatest contribution was the imi)ress he made yn the lives of others and 
the constructive influence he exerted on institutions and programs of edu¬ 
cation and research in a critical formative 3 )hase of tluir develoj)ment in 
North America. What he did was x)ossible only because of wliat he Avas. 
His integrity and unswerving devotion to the higlu'st ideals of science and 
of life, his clarity of vision and steadfastness of ])nrpose, his d(‘(‘p and sym¬ 
pathetic understanding of human relations, and his unfailing kindness and 
untiring devotion to tin* service of others were a lasting ins])iration tn thos(‘ 
wdio had associations with him. He will long he I’cmembered f«)r his Ii^ader- 
sliip in science and his example in life. 


DEGREES, HONORS, AND MEHliERSlllPS 

University of Miehigan, Ph.B. (1889), Ph.D. (1904), LL.T). (1935) ; 
University of Vermont, Sc.D. (1910); Ujiiversity ol' Cambridge, Sc.l). 
(1930); University of Wisconsin, 8c.I). (1936). 

Editor-in-chief, Phytopatliology (1911-14); editor, American Journal of 
Botany (1914-16, 1919-21), bacteriological terms in Wel)st(n-'s New Intei*- 
iiational Dicitionar}^ of the English Language (1928); trustee, Boyce Thornp 
son Institute for Plant Research (1924-45) ; president, Tropitml IMaiit 
Research Foundation (1924-43) ; an honorary president, Tliird Iriternatiomd 
Congress for Microbiology (New York, 1939). 

Member, Academy of ?NatnraI Science of Philadelphia, American Asso¬ 
ciation for the Advancement of Schnice (fellow’; vice-president and chair¬ 
man of Section 0, 1924-25), Ameri(*,an Philos()])hical Society, American 
Phytopathological Society (president, 1909). American Society of Natural¬ 
ists, Association of Applied Biologi.sts (England), Board of Park (k>mmis- 
sioners, Burlington, Vt., Botanical Society of America (vice-president. 
1910; president, 1913), Fifth International Botanical Congress (chairman. 
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Seetion of Mycology and PJaiit Pathology), Verinont Botanical Club, Yer- 
mont Forestry Association (president, 1908), National Academy of Sciences, 
National Researcli Council (vice-cliairman. Division of Biology and Agri¬ 
culture, 1919-21; chairnian, 1922), New England Botanical Club, Phyto- 
patliological Society of Ja]Uin (honorary). Science Advisory Board (ap- 
[)ointed by the President of the United States in 1934), Societe de Pathologie 
vegetale et Entomologie agricolc de France (honorary), Verein fur Ange- 
wandte Botanik (honorary), Wisconsin Acadfuny of Sciences, Arts, and 
Letters, Gamma A]i)ha, Phi Kappa Phi, Phi Sigma, Sigma Xi (president 
Wisconsin cha|)ter, 1914-15), Madison Literary Club, University Heights 
lV)etry Club (Madison, Wis.), University Club (Madison, Wis.), Cosmos 
Club (Washington, D. C.), Rotary Club, Masonic Fraternity, Congrega¬ 
tional Church, Republican Party. 
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(liscMscs and their remedies. | in Vt. A^r. Exp. 8tat. Ann. Kept. 4: 131-138. 
181)0 (181)1); 5: 121)-132. 1891 (1892); 6: 57-72. 1892 (1893); 7: 41-1)0, 60 (59. 
1893 (1894); 8; 93-108. 1894 (1895) ; 9: 66-102. 1895 (]89t>) ; 10: 45-55. 189(5- 

97; 11: 190 *95. 1897-98 and 12: 151150. 1898-99 (with W. A. Orton); 13: 

268-281. 1899-1900 (1901) ; 14: 227-2.35. 1900-01 (with A. W. Edson) ; 15: 209- 
230. 1901-02, 16: 155-1(58. 1902-03, 17: 386-402. 1903-04 (1905), and 18: 272- 
29) (with W. J. MoK.SK); 18: 264-267. 1904-05; 19: 230-257 (with C. S. POME- 

Koy); 19: 257 -265; and 19: 265-269. 1905-06 (1.907) and 20: 334-342. 1906-07 

(ii)08) (with K. J. (liDDiNas). 

!/rho potato rot. 1 [ft Yt. Agr. Exp. Stat. XewspatM'r iUiIl. 2. 1890. 

Potato blight mikI rot. Vt. Agr. E.xp. Stjo. Hull. 24: 19-32. 1891. 

I i\)tato diseases. I Vt. Agr. E^xp. Stat. Bull. 28; 17-30. IS92; •A)>st.) Vt. Agr. Re)d., 

State Bd. Agr. 12: 77. 1891 92. 

[l‘otato blight warnings. 1 Vt. Agr. Exp. Srat. Handbill Cire. Aug. 12, 1892; Vt. Agr. 

Exp. Stat. unnumbered Cire. :» p. Aug. 12, 1892. 

A (comparative test of fuiigic'idt's in (dieeking potato bliglit and rot. 1'. S. Dept. Agr., 
OU. K\\}. Stats. Bull. 16: 89-91. 1893. 

The atdjigoiiisti(‘ relations of eertaiu potato diseases. (Abst.) Bot. Baz. 18: 27. 1893. 

A t(‘st of fniigi('ido.s ui)on potatoes. Garthm and Everest 6: 297-298. 1893. 

Potato l)Iight|s| and their remedies. A't. Agr. Eixv>. Stat. Bui). 36 (Newspaper Bull. !)). 
189:;, 

Potato blight <*nn be ])revenled. Vt. Agr. E>nI>. Stat. Posti*r Bull. May, 1893. 

Potato diseases and their remedies. Vi. Agr. Kept., Stat(‘ Bd. AgJ'. lo: 38-49. 189:). 

Spraying potiUees. A’t. Agr. E\p. Stat. Bull. 40: 19-:i2. 189.3 vl894). 

Bordeaux mixture as a delt*rrent against Ilea beidles. Agr. Scieneo 8: 364-367. 1894. 

Kcsults of ,s|)ra.ybig potatoes iu 1894. Jn Vi. Agr. Elxv». Stat. Bull. 44: 93 102. 1894 

(1895). 

Potato blights and fnngieidew. Vt. Agr. Ex)>. Stat. Bid). 49: 82-99. 1895 (1896). 

Potato blight. Garden and l'''orest 9: 1SS-1S9. 1896. 

Not(‘s on potato leaf fungi. (Abst.) Bot. Gaz. 22; 246. 1896. 

Not(:\s on two species of Alternaria. Bidl. Torrey Pot. Oliih 24: 254-258. 1897 (witli 
A. ,1. Grout). 

Certain potato diseases and their remedies as investigated at the A’ennont Experiinent 
Station, 1889-185)9. Vt. Agr. Eixp. Stat. Bull. 72: 1-32. 1899. 

Bliglit on potato(‘s. Vt. Agr. Elxp. Stat. l*ress Bull. Aug. 17, 19(>1. 

IVdato scab and its jirevention. Vt. Agr. E!x]». Stat. Bull. 85; 11 1 120. 1901 (with A. W. 

Epson). 

The diseases of tlio iiotato in relation to its devclopmeiit. Trams. Mass. Ilort. Soc. 1903: 

144-'154. 1903; and N. J. State Bd. Agr., Ann. Kept. 31: 16:1-175. 1903 (1904). 

The lavlation of date of digging potatoc^s to tin* development of rot. Soc. Prom. Agr. Sei., 
IToc. 25: 91-95. 1904 (with W. J. Morse). 

Now possibilities in potato cnltnre. Vt. Agr. Kept., State Bd. Agr. 25: 87-92. 1905. 

Disease resistance of potatoes. U. S. Di'pt. Agr.. Bur. Plant Indus. Bull. 87. 1905. 
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Potato diseases and tlieir n‘medi<‘s. Agr. Maiue, Aim. Kept. (\>iimiis. Agr. Slate Maine 5: 
13-25. (1907). 

A potato leaf-blotch fungus new to America. (Abst.) Science 26: 291-292, 1907. 

Further observations on potato huif fungi. (Abst.) V"t. Hot. Club Bull. 2; 35. 1907. 

Studies of the potato fungus, Phylophthora infestaiis. (Abst.) Scii'iict' 29: 271. 1909 

(with N. d. (iinoiNGS). 

Eesting spores of the potato fungus (IMivtophthora infestans). Science 30: 813-814. 
1909. 

Potato spraying cx})erinieiits of 1908. in Yt. Agr. Exp. Stut. Bull. 142: 109-115. 1909 

(with N. J. Gii)DIN(}s). 

Some further observations on the potato fungus. (Abst.) Vt. Bot. Club Bull. 5: 17. 
1910 (with C. R. Orton). 

Further studios of Phytophthora infestans. (Abst.) Science* 31: 752-753. 1910 (with 

B. F. Butman). 

Potato dis(^ases in Wisconsin and their control. "W'is. Agr. Exp. Stat. Circ. Inf. 30. 1912. 

Investigations of the potato fungus l*hyto|)hthora infestans. U. S. Bept. Agr., Bur. Plant 
Indus. Bull. 245. 1912 and reprinbal as Vt. Agr. Exp. Slat. Bull. lOS (with N. J. 

OiDDiNGS and B. F. Lutman). 

Relation of potato diseases to the seed trade. (Abst.) Wis. Potato Growers’ Assoc., Ann. 
Kept. 1: 8-9. 1912. 

Potato disease post(*r. Wis. Agr. Exp. Stat. Poster Bull. 1. May, 1914. 

Control of ]K)tato diseases in Wisconsin. Wis. Agr. Exj). Stat. Circ. 52. 1914; veviscfl 

July, 1922 (^with R. E. Vaughan). 

Frost necrosis of potato tubers. (Ab-st.) I^hytopath. 7: 71-72. 1917 (with Ek.\k.st 

Bailey) ; Wis. Agr. Exp. Stat. Res. Bull. 4b. 1919 (with M. Mirif.ER and E. Bailey). 

The status of potato disease standards. Wis. Potato Growius’ Assoc. Bull. 4: 54 55. 
1919. 

The influence of soil temperature on potato scaln Plukopath. 9: 301-302. 1919 (with 

H. II. M(’Kinney) ; Wis. Agr. Exp. Stat. Res. Buiu 53. 1922 (with II. 11. MuKin 

NEY and 11. Fei,L(.)vvs). 

The influence of .soil tc*mperature on the developnu'ut of potato scalu (Al)st.) IMiytopatli, 
10:03. 1920 (with H. H. McKinney). 

Orchard and Small Fruils 

[Pome and stone fruit disease investigations.J In Vt. Agr. E.vp. Stat. Ann. Rept. 4: 139- 
140, 141. 1890 (1891); 5: 132-135. 1891 (1892); 6: 82-84. 1892 (1893); 8: 

109-113, 1894 (1895); 9: 102 -105. 1895 (1896); 10: 55-59. 1896 97; 11: 19.5- 

199. 1897-98 and 12: 156-164. 1898-99 (with W. A. Orton) ; 14: 235-237. 1900 

01 (with A. W. Edhon) ; 15: 230-239. 1901 02 (with W. J. Morse). 

[Apple and pear di.seases. | In Vt. Agr. Exp. Stat. Xewspaj)(*r Bull. 2. 18{)0 and Bull. 

28: 30-34, 1892; Bull. 44: 83-93. 1894 (1895). 

Frost injuries to apples and pears, hi Vt. Agr. Exp. Slat. Bull. 49: BIO. 1895 (1896). 
Studies upon plum blight. (Vntralld. Bakt. usw., 11. Abt., 9: S35-841. 1902. 

Plum blight caused by the j)ear })liglit organism. Soe. Prom. .\gr. Sci., Proe. 24: 29 31. 
1903 (with L. P.'Si'RAGUE). 

Vermont apple orchard diseases. Vt. State Ilort. Soc., Ann. Kept. 4: 73 71. 1906 ( l!)07; 

(Suppl. to Vt. Agr. Jtept., State Bd. Agr. 27. 1907). 

Apple tree canker. Ann. Kept. Wis. State Ilort. Soc. 41 (Pt, 1 I/.c., Pt. II |): 211-247. 
1910-11. 

Apple rnst and its control in Wisconsin. Wis. Agr. Exp. Stat. Bull. 257. 1915 (wilh 

E. T. Bartholomew). 

Apple rust can bo controlled. Wis. Col. Agr. Ext. Sorv. Circ. 55. 1915 (witlj K. 17 

Vaughan). 

Report upon false blossom” and other cranberry maladies. Wis. State (7ranl)erry Grow¬ 
ers’ Assoc., Ann. Kept. 27: 13-14. 1914 (with C. L. Shear). 

Cereals 

The effects of various fungicidal treatments upon the vitality of seed corn. In VI. Agr. 

Exp. Slat. Ann. Kept, 5: 138-141. 1891 (1892). 

[Oat smut.] In Vt. Agr, Exp. Stat. Ann. Rept. 4: 138-139. 1890 (1891 ) ; 5: 135 138. 

1891 (1892); 6: 73-82. 1892 (1893): 7: 60-65. 1893 (1894): 8; 114. 1894 

(1895); 9: 106-112. 1895 (1896); 10: 59-60. 1896-97; Vt. Agr. Exp. Stat. Bull. 

28: 34-36. 18.02; Bull. 32 (Newspaper Bull. G). 1893. 

The decrease of oat smut in Vermont. (By title only) Bot. Gaz. 19: 382. 1894. 

A bacterial disease of bai'l(*y. (Abst.) I’hytopath. 6: 98. 1916 (with A. G. .Ioiinson and 

C, S. Reddy ). 
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Bacterial blights of barley and certain other cereals. Science 44: 432-433. 1916 (with 

A. G. Johnson and C. S. Keddy). 

Bucteriii of barley blight seed-borne. (Abst.) Phytopath. 7: 69. .1917 (with A. 0. 

Johnson and C. S. .Hkddy). 

Bacterial bliglit of barley. Jour. Agr. Ees. [U.S.] 11; 025-644. 1917 (with A. G. John¬ 

son and C. S. Reddy). 

The black cliaff of wheat. Science 50: 48. 1919 (Avith EawiN F. Smith and 0. S. 

Reddy). 


Forage and Jlay Chops 

Observations upon grasses and w^eds. In Vt. Agr. Exp. Stat. Aim. Rept. 8: 114-115. 

1894 (1895). 

[Impurities of grass and clover seeds.] In Vt. Agr. Exp. Stat. Ann. Kept. 11: 229-234. 
1897-98 (with W. A. Orton) ; 13: 287-299. 1899-1900 (1901) ; 17: 402-417. 1903 - 

04 (1905) (with W. J. Morse). 

Testing grass seeds, Vt. Agr. Rept., State Bd. Agr. 27: 36-43. 1907 (with N. J. Gid- 

DINGS). 

\"eimoij( pastures. (Abst.) Yt. Agr. Rept., State Bd. Agr. 14: 458-459. 1894. 

Fowl nn'adow grass. In Vt. Agr. Exp. Stat. Ann. Rept. 14: 237-247. 1900-01 (with 

A. W. Edson). 

(irass ])r(d)leins AvitJi some suggestions as to their solution. Vt. Agr. Rept., State Bd. Agr. 
26: 17-22. 1906. 

Alfalfa in Vermont. Vt. Agr. Exp. Stat. Bull. 114: 111-132. 1905 (with J. L. Hills). 

Alfalfa culture in Grand Isle Gounty. In Yt, Agr. Exp. Stat. Ann. Rept. 19: 269-278. 

1905- 06 (J907) (with H. A. Edson). 

Bacterial leaf spot of red clover. (Abst.) Phytoj^ath. 11: 50. 1921 (with Mavde Miller 

WlIiLlAMSON). 

Bacterial leafsput (d’ clovers. Jour. Agr. Res. [U.vS.l 25: 471-490. 1923 (with Maude 

Mili eu Williamson, F, A. Wolf, and Lucia McCulloch). 

Weeds 

[Vermonl weeds and their control. [ In YU Agr. Exp. Stat. Ann. Kept. 5: 141-143. 1891 

(1892); 11; 219 228. 1897-98 and 12: 182-188. 1898-99 (with W. A. Orton); 

13: 282-286. 1899-1900 (1901): 14: 247-256. 1900-01 (with A. W. Edson); 15: 

243-248. 1901-02 and 16: 16J)-l90. 1902-03 (with W. J. Morse). 

Chemical weed killers or luubicides. Vt. Agr. Jlept.,'State Bd. Agr. 26; 13-16. 1906. 

Weeds and tlieir ('ontrol. Vt. Agr. Rept,, Commis. Agr. State Vt. 1: 109-113. 1909. 

(The orange* hawkwe^'d or “paintbrush.’^] In Vt. Agr. Exp. Stat. Ann. Kept. 9; 115. 

1895 (1896; and 10: 62-64. 189(5-97; Bull. 56: 1-15. 1897 (with \V. A. Orton). 

ha'vJiweed or “pjiiiitln'usli “ a dangerous w(*ed. Vt. Agr. Exp. Stat. Poster. May, 

Are our imtive liorsetails (;r ferns poisonous? Boc. Prom. Agr. Sci., Proe. Aim Tileet. 
22: 70-74. 1901. 

A poisonous plant: The common horsetail (Equisetum arvensc). Yt. Agr. Exp. Stat Bull 
95:187-192. 1902 (with F. A. Rich ). 

Forest and Shade I'rees 

Sap )>r(*s^ure and Ilow in the sugar mai>le. Tn YU Agr. Exp. Stat. Aim. Rept. 11: 234- 
236. 18!)7-98 (with W. A. Orton). 

Methods of studyiiig the saj) pressure of the sugar maple. (Abst.) Science 8: 698. 1898. 

The maple sap tlow. Yt. Agr. Exp. Stat. Bull. 103: 41-184. 1903 (By G. H. Jones, A. 

IV. Edson, and \\. rJ. \Iorse, »‘dited by the Director; “L. R. Jones planned and had 
g(‘iu>ral supervision over the pliysiological investigations,^’ p. 53-115). 

Forestry. Vt. Agr. Rept.. State Bd.’Agr. 15: 78-87. 1895 (1896). 

Leaf scorclnng of trees bv tlie wind. In Vt. Agr. Exi). Stat. Ann. Rept. 13* 281-"’8‘“> 
1899-1900 (1901). 

The cultivation of the locust tree. Jn. Yt. Agr. Exi). Stat. Ann. Rept. 15: 239-243. 1901- 

02 (with W. J. AIorsk). 

Shade trees; the planting and care of shade trees in Burlington. Propaied for Bd. Park 
Gommis. Burlington, Yt. S p. 1904. 

Planting white pine in Venmnit. Vt. Agr. Exp. Stat. Bull. 120: 67-80. 1906. 

Ex]>eriments in plant ing forest trees, Vt. Bot. Gliib Bull. 1: 13. 1906. 

St;ite nursi'ry for forest tree seedlings. Vt. Agr. Exp. Stat. Bull. 127: 43-52. 1907. 

The Vermont State nursery for forest tree seedlings. In Vt. Agr. Exp, Stat Ann. Repi^ 
20: 347-355. 1906-07 (1908). ‘ ' 

Tlie damping off of coniferous seedlings. In Vt. Agr. Exp. Stat. Ann. Rept. 20: 342-347 

1906- 07 (1908) ; nhstracted in Bull. 136: 205-206. 1908. 
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Forest planting in Vermont. Vt. Agr. Exp. Stnt. Bull. 132: 11-24. 1908 (with 0. K. 

PJ^TTIS). 

Progress in t'orcvstry movement. (Abst.) Vt. Bot. Club Bull. 3: 11-12. 1908. 

Forestvv in Vermont. Forestry Quarterly, 6: 234 230. 1908. 

Truch Crops 

[Onion smut and mildew.] In Vt. Agr. Exp. Stat. Ann. Kept. 4: 141. 1890 (1891); 

9: 113-115. 1895 (1800); 10: 01-62. 1800-97. 

(The) relation of soil temperature and other factors to onion smut infection. (Abst.) 
Phytopath. 11: 52- 53. 102h ami dour. Agr. lies. [U.S.J 22: 235-262. 1921 (with 

J. C. Walker). 

Lettuce niildow and lettuce rot. In Vt. Agr. Exp. Stat. Ann. Kept. 5: 141. 1891 (1802). 

(Ireen house diseases. Ju Vt. .\gr. Kxp. Stat. Ann. Kept. 6: 84-88. 1892 (1893). 

[Asparagus rust and cabbage club-root reported.] In Vt. Agr. Exp. Stat. Ann. Kept. 11: 

200-201. 1897-98 (Avitli W. A. Orton). 

Spot disease of cucumbers. In Vt. Agr. Exp. Stat. Ann. Kept. 5: 84. 1892-93. 

Angular leaf -sj)ot of eueumbiu-. IMiytopath. 11: 207-298. 1921 (with S. P. Doolittle). 

Truck crop diseases and their control. Amer, Florist 47: 544-545. 1916. 

I'liL t^oft lint lUicftria 

A soft rot of carrot and other vegetaldes. /a Vt. Agr. Exp, Stat. Ann. Ke|*t. 13; 299 
332. 1899-1900 (1901). 

Bacillus carotovorus ii. sp., die Ursacho ciner weiclien Fitulnis der Mohre. Centralbl. 

Bakt. usw., 11. Al)t., 7: 12-21 and 61-68. 1901. 

Studies upon the cytohvdrolytic enzymes produced bv soft rot bacteria. Science 17; 464- 
465. 1003. 

Studien iiber die cytoliydroJylischen Enzyme, die di^ch die Baktericn, welcla* weiche 
Faulnis bewirken, erzcuigt werden. Centralbl. Bakt. usw., II. Abt., 10: 746-747. 
1903. 

The cytolytic enzyme f)roduc(‘d by Bacillus carotovorus and certain other soft rot bacteria. 

Centralbl. Bakt. usw., 11. .\bt., 14: 257-272. 1905. 

Pectinase, the cytolytic enzyme produced by Bacillus carotovorus and <M*rtain other soft- 
rot organisms. N. Y. (Geneva) Agr. Ex]). Stat. Tech. Bull. 11 (l*art 11): 281>-3r»8. 
1000; also Vt. Agr. Exp. Stat. Bull. 147 (I'art 11 ) : 281 360. 1009 (1910). 

Cahhage 

Club-root and black rot—two diseases of the cabbage and turnip. Vt. Agr. Exp. Stat. 
Bull. 66: 1-16. 1898. 

Trouble witli cabbages. Vt. Agr. Exp. Stat. Press Bull. Aug. IS, 1900. 

Tlie jKKSsibilities of «lisf*ase resistance in cabliage. ( Abst.) IMiytopath. 3: 71. P9l3. 

Progress in rleveloping diseas(‘resistant eabl)age. ( .Abst.) IMiyto|)at)i. 4: 47-48. 1914. 

Third progress report on fusariuuMa^sist.ant cal)i>age. (Abst.) lOiytopath. 4: 404. 1914. 

The control of cabbage velJovv.s through disease reshstance. Wis. Agr. Exp. Stat. Kes. 
Bull. 38. 1915 (witii .1. C. (ilLM.AN). 

Fourth progro.ss report on Fusarium resistant cal>bage. (Al>st.) Phyto]>ath. 6: 102, 1916. 

Cabbage di.seases. IJ. S. Dept. Agr. Farmers’ Bull. 925. 1918, and revised as Fanners’ 

Bull. 1351, 1923 (with L. L. IIarter). 

Disease resistance in cabbage. IT-oc. >C:it. Acad. Sci. | E.S. ] 4: 42-46. 1918. 

Fifth |)rogTess report on Fiisarium-resistant cabbage. (Abst.) Pljytopath. 10: 64. 1t»20 

with J. C. Walker and W. B. Tisdale). 

Fusarium resistant cabbage. Wis. Agr. Exp. Stat. Kes. Bull. 48. 1920 (witli 3. O. 

Walker and W. B. Tisdale). 

Work u})ou Ihisariiun-iesistant cabbage in 1922. (Ab.st.) l^hytopatli. 13: .■)7. l!*23 

(with J. C. Walker and E. C. Tiais). 

YYdlows-resistant cabbage varieties. Seed W<»rld 13(.3) : 20 21. 1923 (witli J. 0, 

Walker). 

Fusarium resistant calibage: Progrcs.s with second earlv vai ieties. Jour. .\gi’. Kes. j C.S. j 
30: 1027-1():M. 1925 (with 3. i\ W at.ker ami 3:\T()NTErnT, 3 k.). 

Scieuee helps grow truck crops; T)ise;is»* resistancr* ilevebiped from Wisconsin experiments. 
Wis. Agriculturist 50; 181, 204. 1926. 

Ornanu niiils 

Some studies upon carnation rust. In Vt. Agr. Kxp. Stat. Ann. Kept. 8: 115-118. 1894 

(1895). 

Fi'os^ necrosis of tulip leaves. Phytopatli. 9: 475-476. 1919 (with W. Miller). 
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Studies upon the Fusurium wilt of elniiit uster. (Abst.) Fhytopatli. 18: 150. 1928 (with 

Regina S. Riker). 

Progress with tli(5 control of aster wilt and yellows, (Abst.) Phytopath. 19: 101. 1929 

(with Rfkuna 8. Rjkkr). 

Furtlier progress with tin; control of aster wilt and yellows. (Abst.) Phytopath. 20: 129. 
lO.'lO (with REGiy \ 8. Riker). 

Wisconsin studies on aster diseases and their control. Wis. Agr. Exp. Stat. Res. Bull. 
111. 1931 (with Regina 8. Riker'). 

Two stern cankers of the China aster. Abst.) Phytopath. 23: 20. 1933 (with Regina 

8. IOker). 

Fnsariuin strains in relatiou to Avilt of China aster. (Abst.) Phytopath. 23: 29-30. 1933, 

and 25: 733-747. 19;i5 (with Regina 8. Riker). 

Kcolotjlral TU Uitions of PJanl Disr(isf‘.s 

Relation of weather (tf 1894 to plant diseases. Jn Vt. Agr. Exp. Stat. Bull. 44: 82. 
1M94 (1895). 

Mdio iin jioitaiiet' of sa nil at ion i?i the cdurrol of certain plant diseases. (Abst.) Phyto[>a(h, 
2: 40. 1912. 

Soil temperatures as a factor in phytopathology. Plant World 20: 229-237. 1917. 

Experimental work on the relation of s(»il temperature to disease in plants. Wis. Acad. 

8ci., Arts and Letters, Trans. 20: 433-459. 1921. 

The inflnemu* of soil tein])eratnre n[»on the develojunent of flax wilt. Phytopath. 12: 
4(19-4 13. 1922 (witli \V. B. Tisuale). 

Th(^ ]‘elation of (mvironrncnt to disease in plants. Amor. Jour. Bot. 11: 601-609. 1924. 
Tin* relation of fungi to soil deterioration. Jour. Amer. 8oc. Agron. 18: 150-153. 1926. 
Essential factors in destructive ]daiit disease development. Proc. Internal. Cong. Plant 
8ci. (Fourlli Internat. Rot. Cong.), Ithaca, X. Y., Aug. 16-23, 1926, Vol. 2: 1284- 
1298. 1929. 

Wisconsin studies upon the relation of soil teinjauature to ])lant disease. Wis. Agr. Exp. 

Slat. Res. Bull. 71. 1<»20 (with Jamk.s Johnson and James O. Dickson). 

Tlie r('lation of envirournent to disi'ase in plants. Fifth Internat. Bot. Cong., Cambridge, 

I uglaiid, Aug. I(;-2:L 19:W', lh‘pt. Proc., p. :I47. 1931. 

L ifih t n ing Jnjnrn 

T/iglitniug iiijurv to cotton and potato plants. ('Abst.) Phytopath. 4: 406. 1914, and 

XL 8. Weather Rev. 43: 135. 1915 (with W. W. Gilbert). 

liigliliiing injury to ]K)1ato and cotton plants. Phytopath. 5: 94-102. (with W. W. 

(iiLHKRT), and “correction,’^ ]>. 197-19S. 1915. 

Lightning injury to kale. Phyt{ij»ath. 7: 140 142. 1917. 

Lightning injury to crops. Records of observations. (Abst.) Phytopath. 8: 80. 1918 

( with W. \V. Gilbert and M. W. (4 \rdxe:r), 

Ligliluing' injury to lierl)ac(‘on> plants. IMiytopath. 8: 270-282. 1918 (Avith W. W. 

Gn.BKRT ). 

J "In n f J'n (Jt o/< • at/ —3/ iscfllaiieou/i 

!8v'asoual notes on diseases.} In \'t. .\gr. Exp. Stat. Ann. Ropt. 4: 142-144. 1890 

(1891); 16: 153-155. 1902-03. 17: 3S3-386. 1903-04 (1905), and 18: 267-271. 

iont (i;, (with W. 4. Moksl); 19; 227-236. 1905-06 (1907), and Bull. 142: 104- 

100. 190‘t (with X. J. Giudtngs). 

Reuiedi<“s for |daur diseases. Vt. Agr. Fa|*. Stat. Speeial Bull., 6 p. Jan., 1892. 

The f( rroeyauiile test for Bordeaux mixture. Garden and Forest 7: 497. 1894. 

Sjtiay eaU iidars. V(. Agr. IXp. S{;,r.. A]»r.. isiu;; Mar.. 1897 : SptS'ial Bull., 4 p. Alar., 
i‘.)O0; and Broadside, Apr., 1906. 

Idaut <iiseases. Agr. of .\la.ss.. State Bd. Agr., Ann. Re.pt. 54: 21-48. 1906 (1907) ; Vt. 

Agr. Ri*]>t., (Amimis. Agr. State Vt. 1: 99-103. 1909. 

4'h«‘ relatioiis c»t' plant ]»athologv to tin- other branehes of botanical science. Plivtonatli 
1: 39-44. 1911. 

rrobleius and j^rogress in plant pathology. Amer. Jour. Bot. 1: 97-Tll. 1914; reprinted 

in Siuithsu. lust. .\nu. Kept. 1914: 407—419. 1915. 

Fungous troubles. Wis. State Hurt. Soc., Ann. Rept. 45: 65—68. 1914-15. 

Disease rt'sistance in plants. Proc. Aim. Conv. Amer. Seed Trade Assoc. 35: 53-57. 1917. 
Some r(*c,ent advances in plant pathologr'. School Science and Alath. 17: 95-100. 1917. 

Our Journal, PTTA^TOILATTTOLOGV. Phytopath. 9: 159 164. 1919. 

The ])revention of plant diseases. X. A'. State TTort. Soc., Proc. 67; 275-281. 1922. 

Securing diseasi' resistant plants: How important is it? Whose job is it? Science 63: 
341-345, 1926. 
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Disease in plants and its control. Peking Nat. Hist. Bull. 6(3): 83-84. 1932. 

Disease resistance in ])Iants. Philippine Agriculturist 22: 459-464. 1933. 


Botany 


A partial list of the parasitic fungi of Vermont. In Vt. Agr. Exp. Stat. x\nu. Rei)t. 11: 
201-219. 1897-98 (with W. A. Okton). 

A second partial list of the parasitic fungi of Vermont. In Vt. Agr. Exp. fStat. Ann. Kept. 

12: 164-182. 1898-99 (with W. A. Orton). 

The trees of Vermont. Vt. Agr. Exp. Stat. Bull. 73: 35-86. 1899 (By Anna M. (Jhirk, 
with introduction by Tj. K. Jones, prepared under the direction of L. K. Jones, 
edited by Clifton D. Howe and W. W. Eggleston.’^); reprinted as Vt. Agr. Kept., 
State Bd. Agr. 19: 151-202. 1899; Burlington Edition, *‘ With notes on the trees 

of Burlington and vicinity, by L. K. Jones,issued as * Ulontributioiis to the Botany 
of Vermont, p. 34-86. 1899, pub. by Bot. Dept., TIniv. Vt.; Circ. Ednc. Inf. 

No. 11. Prepared for teacluvrs and school oflicors, Dept. Educ., State A"t., Monl* 
pelier. Nature* Study, II, j). 19-70. 1901. 

Flora of Vermont: A list of the fern and seed plants growing without cultivation. Suppl. 
to Twentieth Vt. Agr. Kept., State Bd. Agr., p. i-xii j 1-113. 1899-1900 (19(9) i, 

also issued as Contributions to the Botany of Vermont, Vlll (witli E/.ra BaAiXERD 
and W. W. Eggleston). 

Vermont grasses and clovers. Vt. Agr. Exp. Stat. Bull. 94: 139-184. 1902. 

Vermont shrubs and woody vines. Vt. Agr. Exp. Stat. Bull. 145; 51-199. 1909 (with 

F. V. Eani>, illus. by Mary Kobinson). 

Areeuthobium pusilum on a new liost in A^‘rmont. Khodora 2: s 9. 1900, 

Daphne mezereum in Vermont. Khodora 2: 142. 1900. 

Lathyrirs tiibcrosus in Veiinont. Khodora 3: 230-231. 1901. 

Pogonia affinis in Verinout. Khodora 4: 216-217. 1902. 

The Pringle and Frost Jierbaria. at the PiiiversitjC’ of Vermont. Ithodora 4: 171-171. 
1902. 

Notes on Vermont grasses following Cray’s new manual. (.Vbsl.) Vt. Boi. Club Bull. 4; 
12-13. 1909. 


The Vermont Botanical i'lnh 


The history of the ATuinout Botanical Club. Vt. Bot. Club Bull. 1: 3.1. 1906. 

The Vermont Botanical Club. Khodora 1; 77 78. 1899. 

Field incxding of the Vermont Botanical Club. Khodora 4: 189-190. .1902. 

The eighth aiiriual meeting of th(> Vermont Botanical Club. Klioiloi’a 5: 120. 1903. 

Vermont Botanical (’lub. Science 17: 591. 1903. 

The Vermont Botanical Club. Khodora 8: 23-24. 1906; and Scieuce 23; 390. 1906. 

[R(‘|)orts on the annual hold and winter meetings. | Vt. Bot. <3ub. Bull. 1; 4-5. 1900 . 

Thirteenth annual winter meeting of the Vermont Botanical (.hub. S(*it‘nce 27: .‘MO 317. 
1908. 

^cientipc and Educational Ilclation.ships 

Report of tlie Section on Horticulture and Botany. Proc. Fifteenth Aiui. (3oiiv. Assoc. 

Agr. Colls, and Exp. Stats., U. 8. Dept. Agr., (iff. Exp. Stats. Bull. 115 : 52-54. 1902. 

A plea for closer int(*rrclatioiis iu our work. Science 38: 1-6. 1913. 

Graduate teaching and its relations to the work of the :igricultural experimeui st.itiou. 

Proc. Assoc. Ainer. .Vgr. (k)lls. and Exp. Stats. 30; 172-177. 1916 (1917 ). 

Whetzel resigns headship -<h‘plores present svstem of administrative l<‘nure. Bhvt()j)ath. 
12: 499-500. 1922. 

Bf’vif irs 


Smith, Ersviii F. Bacteria in relation to plant diseases. Vol. 2. Phytopath. 1: 203-204. 

1911, and Vol. 3. Phytopath. 5: 77-7S. 1915. 

Smith, Erwin F,, Brown, Nellit* A., and Mcflulloch, Lucia. Tin* structure and develop¬ 
ment of crown gall; A plant cancer. Phytopath. 2: 275-276. 1912. 

Laboratory outlines in IMant Patbology. By H, II. Whet/el, Lex K. Hosier, ('has. T. 

Gregory, and W. Howard Kaiikin. I’hytopatli. 8: 60 61, 1918. 

Pasteur, The history of a mind. By Emile Duclanx, translation l)y Erwin F. Smith and 
Florence 11 (‘dges. Science 52: 15-17. 1920. 

Laboratory outliiu^s in |)lant pathology. By H, II. WJjcizel, L. K, Hesler, C. J. T.) 

Gregory, and W. H. Kankin. Sw'ond edition. Phytopath. 15: 132-433. 1925. 

Seymour, Arthur Bliss. Ilo.st index of the fungi of North Americ;i. Phvtopath. 20: 
595-596. 1930. 

Tlie oldr*st known plant virus disease. (Note on “AMrus dista'ises of |))ant.s and .animals 
are each year atiraeting more attention,’’ and refer(‘nce to Historical sketch of tulip 
mosaic or Mn-eaking, ’ tlie oldest, kiiowji {daiit virus disease.” In M. B. McKav and 
M. F. Warner. Nat. TIort. M;ig. 12: 179-216. July, 1933. ] Si'ieiice 79: 385. 1934. 
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Biographical Skeicliea 

Work of (\ G. Pringlo. VornvonloT who originat(*(3 vnriotios of wlioat, oats and potatoc's. 

Now liiigland Fannor 90(1^0): 0. 1911. 

Eugono Waslihiini Eoark. Pliytopath. 11: 327. 1921 (with <1. W. KEm'). 

Professor Emm<‘tt Stnlj Goff, Elmira, X. Y., 1852—Madison, Wisconsin, 1902. Wis. 
IJorticulture 16: iil“112. 1926. 

To Erwin Prink Smith. Pliytopath. 18: 1-5. 1928 (with Wileiam JI. Welch and Fred¬ 
erick V. Rand). 

Erwin Frink Smith: 1854-1927. Jour. Pact. 15: 1-6. 1928 (with Frederick V. Rand). 
John Merle Coulter 11851-1928]. Science 70: 299-301. 1929 (with Otis W. Caldwell, 

Henry C. Cowles, William Crocker, and R. A. Harper). 

William Allen Orton: 1877-1930. Phytopath. 21: 1-11. 1931. 

Arthur Jaczewski: 1863-1932. Pliytopath. 23: 111-116. 1933. 

Arthur Hliss Seymour: 1859-1933. Mycologia 26: 279-290. 1934. 

Uiographical Memoir of Erwin Frink Smith: 1854-1927. With synopsis of researches by 
Erwin F. Smith and bibliography by Frederick V. Rand. Nat. Acad. Sci. United 
Stall's Amer. Biogr. Mem. Vol. XXI—^Pirst Mem., p. 1-71. 1939. 


Miscellaneous 

AVool and w’ool m(*asiirements. ln\L Agr. Exp. Stat. Ann. Rept. 4: 55-64. 1890 (1891) 

(with W. W. Cooke). 

Study of milk globules. In Vt. Agr. Exp. Stat. Ann. Rept. 4: 65-69. 1890 (1891). 

A Haematococeiis for class demonstration of motile gami'tes. (By title only.) Bot. Gaz. 
19: 382. 1894. 

A method of distributing fungi in pure cultures. (Abst.) Bot. Gaz. 22: 244. 1896. 

Some ()l»servati()us on European horticulture. Vt. State Ilort. Soc., Ann. Rept. 2: 46-48. 

(Suppl. to A t. Agr. I?('pt., State Rd. Agr., Ann. Rept. 25) 1905. 

The Di’inciples of plant culture; a text for liegiiiners in agriculture and horticulture. 
Eighth edition, xxii 4 295 pp. Fig. 1-177. Macmillan Co., New York, 1916 (E. 8. 
Goff, revised by J. G. Moore and Jones). 

America *s m^ed fur plant research. Boyce l'hom])Son Inst., Contrib. 1: 40-45. 1925. 

fAddr(‘8s of Tj. R. Jones—an honorary ])reaident of the congress—at the official opening.] 
Tliird Interuat. (’ong. Microbiol., New York, N. Y., Sept. 2-9, 1939, Rept. of Proc., 
p. 28-29, 1940. 



INTERNAL CORK, A NEW DISEASE OF SWEET POTATO OF 
UNIDENTIFIED CAUSE^ 

C . .T . X u ij A r m 
(A ccepted for publication August 5, 1945) 

INTItODlCTlON 

In the spring of 1944 the oeeurreiiee of sniall dark spots was observed 
ill the flesh of a few sweet potatoes {Ipomca batatas (L.) Lam., Porto Rieo 
variety) at the Edisto Experiment Station, n<‘ar Bla(‘kville, S. C., as tliey 
were being cut and examined for flesh color. At first the trouble seemed 
inconsequential and little att(‘ntion was given to it. A few days later, how¬ 
ever, the same trouble was noted in a stored lot of sweet potatoes near 
Orangeburg, S. Following this observation, a|>i)i’oximately 300 storiHl 
roots were selected from Edisto Station stoeks and each root was cut in tliin 
sections and carefully (‘xamined. A trace of spotting was found in about 
20 per cent of the roots. Further observations <luring the 1944 harvest sea¬ 
son supported the view that a new and }J»tentially serious disease ot the 
sweet potato existed. The purpose of this report is to d(‘scribe tlu' synijUoms 
of the disease, herein referred to as ‘‘internal cork,'' to give a }>reliminary 
account of its occurrence in.South Carolina and to discuss certain imsinH'ess- 
ful attempts to determine its etiology. 

SYMPTOMS OP INTKKNAL COUK 

The symptoms of internal cork are distinctive and an* not likely to be 
confused with other types of sweet-potato fh^sh degeneration. TIu* corky 
.s|)Ots may occur singly or in grou])s at any i)oijit in the fleshy tissues, d’here 
are no external signs except that cavities may form at points wiiere spots 
occur near the surfa(‘e, as shown in figure 1, A. Xumerous cases were oli- 
•served, however, where spots at the f>erij)hery of the root fai](‘d to (*anse 
cavity formation (Fig. 1, B). Althougli many spots luivc been observed in 
the cortical zone just beneath the skin, none have ever been found (‘riipting 
to form a surface lesion. Therefore, in most eases the diseas(‘ can only 1)(‘ 
detected by cutting the roots and, even then, it may he ovm’looked unless lle‘ 
roots are cut in thin slices. The affected tissues, as sliown in tlie loiigitndi- 
nal sections in figure 1, A, B, and D and in cross sections in C, are irregular 
but definite ni outline. In cross section the s[)ots may I’cach a diameter of 
about 3 cm. and rarely (*xeeed 5 cm. in longitndiiia] section. Winu'c several 
are grouped B^getluvr, however, a considerable ])ortion of the root may be 
involved. Such a case, the most severe yet rioted, is shown in figure 1, I). 
The affected tissue is dark brown or sometim(‘s nearly black and is hard and 
corky. After exposure to the air for several hours tlie color generally fades 
to medium brown. After several days’ exposure, (h'sii'cation and sid)se(pient 

r Tcchincal coiitribiition numbtT .127 of the Soutli (Vir(»)iii:i Agriciiltur.ul ExpcririK'iit 
Station. 
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shrinkage of surrounding healthy tissues gives the spots a raised or bulged 
appearaiiee. Internal cork tissues remain firm during cooking. If they are 
crushed between the teeth, a very slight bitter taste can sometimes be detected 
but the flavor of the surrounding healthy tissue is not noticeably affected. 



I'Ki. I. lnt(Mn:i] cork of swi'ct potnto in roots of the Porto Rico varii^tv. A. Longi¬ 
tudinal s(‘ctiou showing a surface cavity associated with a corky ari‘a located at the 
|M'rij»hery. B. I.ongitiidinal section showing a iieripheral spot without a cavity. C. Cross 
st'ctions sljowing the ty|)ical r.andiun distribution of internal cork in the deshy tissues 
1). A lungit inlinal S('Ction of a severely afi\‘cted root. Note tlie extensive necrotic areas 
which are [nolialdy aggregates of many iiidivi<iual sptds. 

Microst'opie cxainination of s(*etions of corky spots gave some indication 
of thcii* nature. Pits of swect-iiotato flesii containing corky spots were fixed 
in a. formol-acetic-aleoliol mixture, hand-sectioned, stained with Delatield's 
hacmatoxyliii, and mounted in Enparal. The smallest spot examiin^d wtis 
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coiTii)osed of a noorotic area, 5 or (> cells iji diameter, located in parenchyma 
tissue. Larger spots (Fig. 1) showed an irregular central area of collapsed 
cells surrounded by a phellem layer several cells thick. Cell walls in this 
layer stained red with Sudan IV, which indicat(\s presence of siiberin. The 
remains of disorganized xylem vessels sometimes were* found in the necrotic 
area. The time of appearance of necrosis, the exact })oint of its initiation 
or the probability of its development in storage has not been ascertained. 



FiO. 2. A pholomiprograph of a cross section of flesh tissue of a Porto Rico sweet 
potato root, showing the marginal area of an internal cork spot. The c(‘ntral necrotic 
area, at the bottom, is separated from the healthy parenchyma tissue, at the top, by a 
phellem layer. 

OCCURUKNCE 

During the 1944 harvest season samples of sweet jtotatoes were examined 
on many farms throughout the coastal plains region of Rtmth Carolina. In¬ 
ternal cork was found in nearly every kx'ality visited, although it usually oc¬ 
curred only in trace amounts. The disease was observed in the roots of 38 
dilierent varieties and strains of sweet potatoes on trial at the Edisto Experi¬ 
ment Station. It was also lound indiscriminattdy in sAveet potatoes harvest ed 
from numerous experimental plots wluu-e various cultural ami nutritional 
treatments were under iuve.stigation. A random sample of 480 roots of the 
Porto Ri(»o sweet potato was collected from several fields and eacdi root was 
examined and classified as to the incidence of internal cork. Thirty-nine 
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per cent ol the roots were i’l-ee from cork, 28 per cent ]iad a trace, 25 per cent 
had 5 or less spots per root, and the remaining 8 per cent contained more 
than 5. It was judged that about half of those in the last category, or about 
4 per cent, would provoke an adverse consumer reaction. The disease was 
obserx ed on the trimming belts at 3 dehydration plants, although it was i)res- 
ent in such small amounts that it apparently escaped the attention of the 
operators. 

etiological studies 

The povssible existeiu'c of a pathogenic organism in internal cork tissues 
was first investigated. Forty-four stored Porto llico roots, which showed 
inttuaial rork on sectioning, were surface disinfected. Then bits of corky 
tissue and adjactujt flesli were removed aseptically and plated on potato-dex¬ 
trose agar. Forty-one of the plates remained sterile throughout a three- 
weeks period. The remaining 3 plates showed colonies of an unidentified 
Fusarium. According to Dr. G. M. Armstrong,- however, it is not uncom¬ 
mon that Fusaria are recovered from apparently healthy sweet-potato tissue. 
Similar culture of corky tissue from 35 freshIv' harvested roots on both 
])otato-dextros(‘ agar and sweet-i>otato-deeoctio]i agar in the fall of 1944 gave 
negative results in evciy (?ase. Consequently the ]>ossibility that internal 
cork may be caused hy a culturable i)ath()gen was dismissed. 

The possibility that internal cork might be due to boron deficiency was 
suggested by tin* rcseniblanct* in many respects of internal cork symptoms 
to those of internal black spot-^ of garden beet, a boron deliciency disease. 
Tlierefore, sw(‘et potatoes, grown in field plots which received applications 
of borax at rates of 0, 5, 10, 20 and 30 })Ounds per acre, respectively, in combi¬ 
nation witli 3 lexels of ])otassiuin on both limed and unlimed soils, were ex¬ 
amined. Although tin* ])Iants had responded to the borax treatments and 
had symptoms ranging from severe deficiency to extreme toxicity, there was 
no (-orrelation betwe(*ii rea(*tion to borax and the incidence of internal cork. 
Inasnundi as the syniptcuus of sAveet-potato flesh degejieration associated with 
a deficiency of boroid were distinctly ditferent from those of internal cork, 
tlie possibilitA' that Ixrron deficiency might be responsible for internal cork 
also Avas dis('a'‘ded. 

In order to d(*tej'mine wlietber or not internal cork is transmitted from 
atre(*ted roots to a neAv crop prodmaal by ])iants arising from them, several 
i)tisbelsof seed roots were cut in half and those Avith corky spots Avere selected 
for bedding in an isolated b(*d in the greenhonse. These seed pieces appar- 
(‘iilly prodtict'd s])rotits in the normal rnanner. Later a diip]i(*ate })lot Avas 
])lant('d Avitb vine cuttings taken from tlie original spront-set plot. Similar 
})lots AM're set adjaemil to these Avitli sprouts from an ordinary seed bed to 
serv(' as a ebeek. All of the j)l{)ts ]-e(*eived the same fertilizer and cultural 
treatments. Af1t‘r harvest, samples Avere selected from eaeli plot and exam- 

- I\‘rsonnl (•oinniim'u ntioii. 

Walk('r, J. C. Intornnl blru*k s])Ot of gordcii beet. IMivtopatli. 29: 120-128. 1939. 

4 Niisbaoin, C. J. Intornnl brown spot, a l)orou doficieiioy disease of sweet potato. 
Uliytopatli. In press. 
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iiied carefully for the incidence of iiiternal cork. The disease was more than 
twice as prevalent in the crop orij^inatin^ from corky seed than from ordi¬ 
nary seed, as shown in table 1. Inasmuch as the internal cork status of the 
seed roots in the ordinary bed was not determined, tliese results are of doubt¬ 
ful significance. Nevertheless, suspicion is raised that tlie causal agent, 
whatever it may be, is root borne. 

TABLE —Incidence of inicrnal cork in Porto liico swret potatoes produced from 
,sproiits and vine cuftinps originaiintj from ordinary and corky seed stocks, respectively 




Total 


1 neideiice of inli 

‘rnal cork 

Seed 

Typo of 

harvostod 






stock 

transplant 

roots 

.None 






exam. 

la 

2i» 

M'’ 

4'* Inde.x 



No. 

No. 

A‘(». 


Vr>. 

.Vc. 

OrdiiiJiry 

S]) routs 

:to 

\r> 

10 

o 

M 

0 0.77 


Vino cut lings 

;{(• 

12 

12 

M 

1 

2 0.97 

Corky 

Sprouts 

MO 

M 

S 

S 

5 

() 2.10 


Vine (Mittings 

MO 

0 

i 


0 

S i:.o0 


“ Trace, only 1 spot [)(‘r root. 

b Slight, 2 to 5 spots per root. 

c Weighted overage ot* scale, none to -I, iuchisive. 

^ Severe, spots numerous. 

»-* Moderate, 5 to 10 spots per root. 

Throughout the 1944 growing season sweet-potato plants, growing in 
various fields, were examined frequently in an attmnpt to discover any above¬ 
ground sym])toms wliich coiiid be associated with the jn'odiictioii of intermd 
cork affected roots. While the vines were growing vigor-oiisly through mid- 
season, nothing of a suspicious nature was observed, hate in tlie season, 
however, when vine growdh began to decline, tlie older leaves iu‘ar tin* crown 
of many [ilants showed conspicuous purjilish splotclies, usually from about 
0.5 to 3.0 (*m. in diameter and scattered jiromiscuously ovm* the vmiti’a! leaf 
surface. Tlie areas were irregularly circular and were usually, but not 
always, in a ring design with green centers. Microscopic (examination of tin* 
alfected |)ortions of leav(*s, after ch*aring iliem in lactoplunol and staining 
with acid fuchsin, failed to reveal any disorgani/ation ot the leaf tissues. 
This symptom was generally associated with tin? dev(‘loj)inent of corky roots 
but numerous exceptions were found. A iiossible (correlation ladwt^ni tlie 
ring spot symptom and internal cork is indicated l)ut has not Ikwh f‘stah- 
lished. 

Disrussiox 

Both the origin of internal {/ork of swei't potato and tlie exact extent of 
its occurrence are unknowu. in South (kirolina it is apparimtly widesjn ead, 
but at a relatively low level. Thus far only one impiiry c.oiicerning the dis¬ 
ease has been received by the writtu*. A farmer in Union Uounty submitted 
typical specimens for diagnosis. 

The problem of the etiology of internal cork rimiains unsolved. Although 
only a few of tlie jiossibilities have been investigated, the behavior of the 
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disease thus far suggests tliat a virus may be involved. Preliminary attempts 
to transmit the disease to ai)parent]y healthy sweet-potato plants and to 
various other (-rop plants is underway. 

SUMMARY 

A new (liseas(‘ of sweet [)otato, referred to as internal eork was recognized 
for the first time in the sj)ring of 1944. The .symptoms are described. The 
disease was Avid(‘spread but at a relatively low level in South Carolina during 
the 1944 season. The J'esults here presented indicate that neither a cultura- 
[)le pathogen nor boron deficiency arc involved and that the (tausal agent, as 
yet undet('rniined, may possibly be transmitted by diseased roots. A })robable 
correlation between the late season occurrence of a ring-spot symptom ap- 
])earing on tlie older leaves of some plants and the development of corky 
roots was indicated but was not definitely establislied. The possibility that 
tlie dis(‘ase may be caused by a virus is suggested. These results are given 
as a ])r(‘liminary report while further experimental work is in progress. 

Edisto Experiment Station, 

Branch of Ceemson College, 

Blackville, S. C. 



EFFECT OF STORAGE CONDITIONS ON SURVlVAli OF 
COLLETOTRICHTTM GOSSYPII^ 


C . H . A R K D T 

(Acceptod for publication August It, 1940) 

In cl study of tlie of storage eonditions on the r(*tentioii of viability 

by cotton seed the use of seed naturally infested by the antbracnose fungus, 
Colletotrichuni gossyini South., afforded an oi^portunity to study (‘oinciden- 
tally the survival of the infesting fungus. The results herein reported sup¬ 
plement the earlier data of Lelnnan (4) and Ludwig (5). The observed 
effect of the moisture content of the seed and temperature of storage should 
be of interest to individuals who may wish to |)reserve undiminished for 
some time the viability of fungi naturally infesting seeds. The storage con¬ 
ditions and their effect on the viability of the seed liave been described by 
Siinjison ((>). 

METHODS 

For use in this storage test two lots of cotton seed iiaturally infested by 
the antbracnose fungus wei*e olitained during the first wet'k of Oi'tober, 1037. 
One of the lots, I)eltai)ine 11a, was procured from a gin at Pendleton, 8. C., 
within 3 days after picking. The second lot, Carolinadivl No. 2, was obtained 
from a gin at WestmiiLSter, 8. C., within 30 days aftin* pieking. The initial 
moisture contents were 15.(i and 33 per cent, resj)(*ctively. Each lot, after 
thorough mixing, was divided into five 100-lb. jiortions, and an att(‘ni])t was 
then made to adjust tliese jiortious to moisture contents of 8, 10, 12. 14, and 
IG per cent. These percentages will be used to dt*siguat(‘ the moisturt‘ con¬ 
tents, although tlie method of drying used gave actual moisture contents for 
the Carolinadel sub-lots of 7.2, 10.1, 12, 14.1, ami 10.5 }>er cent; and for the 
Deltapine sub-lots of 7.7, 10.1, 12.1, 14, and 15.0 ])er cent. Additional mois¬ 
ture determinations were not made at the time of the tests reported in tliis 
paper. They were made, liowever, on 30()-gm. samples which had been 
stored for 3 years in air-tight containers in a seed storage hon.se at (3emson, 
S. C. The increases in rnoistnrc eontent of the samples with 7.2 to 12.1 per 
cent initial moisture content did not exceed 0.4 per I'ent. The moisture con¬ 
tent of the sub-lots with initial contents of 34 and 14.1 piu* cent iiad imu-eascd 
to slightly above 15 per eent, and those at 15.0 and 10.5 pen* cent had in¬ 
creased to about 20 })er (‘enl. 

To obtain moisture contents higher than the initial eontimt, tin* reipiisite 
amount of water was sj)riijkled over the .seeds, whicli were thoroughly mixed, 
then and again after 2 ('onseentive 24-hr. periods. In the interim and nntil 

1 Tcclmicnl contribution No. ]08 of tin* Houtli ('arolinn Agricultnrnl Kxj)Crinu‘nt Sta¬ 
tion. Investigation niadc in coojno’atKni with tin* Division of (Vdton and ()tln‘r Fiber 
Drops and Dist'ases, Hnreaii of Plant Industry, V. S. D<*partnient of Agrienlture. 
Aelviiowledgnioijt is due G. \V. P.oozer, formerly agi'iit of tlio abovi; Division, for tiadinieal 
assistance in this study. This study was planned .and carried out in cooperation with 
X>. M. Simpson, IT. R. Cotton Field Station, Knoxville, Tennessee. 
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placed in air-tight glass jars tor storage, the seeds were kept in a inoistiire- 
proot* container. Lower moisture contents were obtained by drying the seed 
in wire-bottomed trays in a drying room through which slightly heated air 
(not exceeding 36*^ C ^ was circulated. 

In order to obtain some information concerning the most convenient 
means of obtaining reproducible determinations of the moisture content of 
cotton seed, samples of the Carolinadel lot were dried in an electrically 
heated oven at 80°, 90°, and 100° C. At all 3 temperatures, there were com¬ 
parable very small losses up to and including the 12th day; and the mean 
moisture contents of the 3 samples dried at each of the 3 temperatures, if 
calculated from the dry weights obtained at 80°, 90°, and 100°, w'ould have 
been 11.8, 12.2, and 13.7 ])er cent, respectively. At 90°, there was relatively 
little change in w(*ight after 3 days. About 5 days were required to attain 
a relatively constant weight at the other 2 temi)eratures. Since it was irn- 
])ossible to judge from these data Avhich temperature and period of drying 
gave the most nearly correct indication of tlie moisture content, a tempera¬ 
ture of 90° for 3 days was arl)itrarily cho.sen for drying the seed on account 

the ease of obtaining a relatively constant weight at tliis temperature. 
The moisture cont(‘Jits given by Simpson (6) are generally sliglitly lower 
than those given in this ])aper, sin(*e he dried his samples at 100° C. for 24 
liours and us(‘d the initial seed weights (dry weight plus water) to calculate 
tlie moist lire eojitents. 

As soon as tlie moisture contents were adjusted, the seeds were placed in 
pint ,iars, ivhieli were s(‘aled ivith rubber gaskets. They were then sent to 
Simj)s()n (0), wlio ])laced seeds of the 5 moisture contents of both lots in 
storagt' Decemher, 1937, at al)out 1°, 21°, 33° C., and the fluctuating tem¬ 
peratures of ail uuheat(‘d seed-storage house (in Ids jiaper referred to as ‘^air 
lemp(U’ature’’), in which the seed were subjected to tlie range of the air 
temjioratiire of Knoxville, 3\‘uii., about -20° to 30° C'l. Tlie data i‘or this 
]>aper were olitaiiied from samples rem(*ved from storage in December, 1938, 
May, D3’h and June, 1943. 

To as(‘ertain the survival of the authracnose fungus, the seeds were germi¬ 
nated oil wat(‘r agar in test tubes, as described previously (1). A tempera¬ 
ture of 23 25 ' i\ was maiutaiued, since this is approximately the oiitimal 

imujierature for the infection of cotton seedlings by tins fungus (1). Emer¬ 
gence of tlie jirimary roots was well advanced after 3 days, and the coty- 
ledous began to em(*rge fi’om tlie testas after 5 days. Tlie elongation of the 
liypocotyLs usually made it iu‘cessary to remove the plugs on the 9th or 10th 
day. Final observations were made after 12 or 14 days of incubation. A 
s(»ed was considered to have germinated only when a typical primary root 
and liyiiocotyl were formed. Seeds forming ])rimary roots only were classi 
tied as iiou-g(n*minatiug. Siuee Simpson (6) used the emergence of the radi¬ 
cle as a criterion of viability, the pt‘rcentages of viable seeds reported by him 
are higher than those given in tliis paper for several sub-lots containing seeds 
whicili formed radhdes but were unable to form normal seedlings. 
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The appearance of typical lesions on the liypocotyls or cotyledons was 
used as a criterion of the survival of the fungus without any implication as 
to whetlier the absence of lesions on the seedlings was due to the death of the 
mycelium of the fungus or a mere loss of its ability to infect the seedlings. 
All diseased seedlings with lesions atypical of those caused by Colleio- 
trichum gossypii were examined microscopically to ascertain the cause of 
such lesions. Since no seedling inoculations were attempted to ascertain 
whetlier this fungus may have survived on the seeds which did not germi¬ 
nate, there are no comparable data for the -survival of the fungus in sub-lots 
with few or no viable seeds at the time of sampling. The data on seed via¬ 
bility have been fully discussed by Simpson (6). 

RESULTS 


The elfeet of varying moisture content of the seed on tlie survival of the 
anthraenose fungus at a given temperature is well sliown in figure 1 by the 
percentages of infected seedlings for the sub-lots stored for 5.5 >Tars at C. 



Fig. 1. iVrcentage germination of 2 lots of cotton seed of S, 10, 3 2, 34, and 10 ]»rr 
cent moisture content after storage for 5.5 years at 1'^ C. Also number of scc'dlings 
infected and killed by tlu! aiitliracnose fungus per 100 seed germinated. 


For this temperature and storage period, more than 80 ikm* cent, ol‘ the setnl- 
lings of the Carolinade] sub-lot of 8 per cent moisture conleut and of the 
DeJtapine sub-lots of 8, 10, and 12 per cent moisture <*outent we]*(‘ iufeeded. 
For the Carolinadel sub-lots, however, there wer(‘ successive ri*ductions in 
the number of seedlings infected and killed by tlie authraiuiosc fungus 
coineidentally with each increase in moisture content from 8 to 14 jier cent. 
Tlie Deltapine vsub-lots sliowed a similar reduction only with the increase in 
moisture content from 12 to 14 per cent. The [lercciitages of si‘edlings in¬ 
fected were about the same for the Carolinadel sub-lots of 14 and 1() iier cent 
moisture content; but, for the corresponding Deltapine sub-lots a smalh‘r 
percentage of the seedlings of the 16 per cent than of the 14 per cent mois- 
turo-<'ontent sub-lot were infected and killed. 
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At the hijifher storage teinperatures of 21*^, 33°, and air, the fungus 
infected relatively few seedlings after 17 months of storage at all 5 moisture 
contents. For the sub-lots which showed no loss of seed viability after this 
storage ijeriod, the luuhest percentage of infected seedlings was 20 for the 
Deltai)ine sub-lot of 8 per cent moisture content stored at 21° C. (Table 1). 
At air temperature, the highest infection was 14 per cent for the Carolinadel 
sub-lot of 12 per cent moisture content. Higher percentages of seedlings 
wore infected for two other sub-lots, Carolinadel of 12 i)er cent moisture con- 

^'AIUjT^ 1 .—The effect of the moisture content and the temperature of storage of 
(■utt> n. seeds on their germinaHon, the percentage of seedlings infected^ hy the anthrac- 
nose fanguSy and, the percentage of seedlings I dled af ter incubation for 12 days at 24.^ C. 
Veriod of storage, 17 mon ths 


Caioliiiadcl No. 2 Doltapiiie 11a 
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'' In ati iinlu’Mtrd sioiagi* house at Knoxville, Tennessee. 

tout stor<*d at and Doltapine of 14 per cent moisture conteiit stored at nir 
tt‘U!|>oratur(‘; but these two suh-lots had only 10 and 12 per cent, respec- 
tivt'Iy, viable seeds. 

A reduct ion in the survival of tlie aiithracuose fungus was also observed 
ill g(‘rinillation tests made after 12 months of storage, when tlie percentages 
of iiifocteil seivllings were aliout the same, as those given in table 1 for 17 
months of storage. Tlie jierceutages of infected seedlings after 12 months 
are, i-onseipiently, oi* interest only I'or two sub-lots of seed which showed a 
distinct loss ol' viability by llie fungus between these two dates of sampling, 
the Farolinadel sub-lots of 8 per eeut moisture content stored at 21° and air 
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temperature. After 12 months of storage, these two sub-lots had 51 and 37 
per cent, respectively, of the seedlings infected; and after 17 months, 6 and 

11 per cent, respectively. The losses in viability of the fungus were much 
less for the corresponding Deltai)ine sub-lots witli the percentages infected 
after 12 months being 25 and 18, respectively, and after 17 months, 20 and 
11, respectively. Tlie generally higher survival of the anthracnose fungus 
in this study on seeds of relatively low moisture content and stored at a rela¬ 
tively low temperature coincides with tlie observations of Lehman (4) and 
Ludwig (5). 

The data of table 1 also indicate that the retention of seed viability was 
favored by relatively low seed moisture contents and temperatures. After 
storage for 17 months, 1° C. was the only temperature at which the seeds of 
all 5 moisture contents showed Jio reduction in viability. Similarly, the 
seeds of 8 per cent moisture content were the only ones to retain their initial 
viability at all 4 temperatures. In addition, the set'd ot 10 per cent moisture 
content showed no loss of viability at 21^^ and air teni|)erature, but those of 

12 per cent showed a slight loss. Thus, tlie viability of both Die seeds and 
the fungus was not greatly induenced by tlie nuiisture (*ontent of seeds for 
a storage period of 17 months at 1'“'^ C., but the survival ol‘ the fungus was 
greatly reduced during this period of storage at the other temptvratures and 
a moisture content of the seed not exceeding 10 per cent is essential for the 
retention of the original seed viability at 21“’. These results substantiate tlie 
earlier observations of Barre (2), Lehman (4), and Ludwig ( 5) to the effect 
that the viability of the anthracnose fungus naturally infesting cotton seeds 
under the usual storage conditions is generally less tliaii tiuit of the seeds. 
This difference in the relative rate of the loss ot viability during storage 
between cotton seeds and the anthracnose fungus, U‘ad to tlie recommenda¬ 
tion that seed whieli had been stored for 1 to 3 real's be used for planting 
(2, 3). The necessity for the use.of sucli seed has beioi sui)ersed(*d by the 
development of effective seed treatments. 

Additional data that indicated a better survival of the anthracnose 
fungus at relatively low temperatui’es and low seed moisture contiMits were 
obtained when isolating fungi from lesions on seedlings grown from sihmIs 
of these sub-lots removed from storage in 1.941, or after 3.5 years, and 
planted in a field at Knoxville, Tenn. 8ixty-iiine seedlings wJiicb developed 
from seeds stored at 1° C, and which had lesions on the liypocotyls wen* 
surface sterilized and placed on non-nutrient agar. (JollrtotrickHni gossifpil 
was secured from 43 of these seedlings, and Fiisariuni iiioniliform^ from 20. 
C. gossypii was not found on a single one of 76 seedlings representative of 
those developing from seeds stored at the otlier teinjieratures. In this field 
the mean seedling loss* for tlie seeds stored at 21°, 33°, and air temperature 
was about 4 per cent (maximal 13.3 per cent) ; while the losses for the Caro- 
linadel sub-lots of 8 to 14 per cent moisture content stored at 1° ranged from 
28 to 37 per cent, and those for the Deltapine from 45 to 62 per cent. The 

Per’sonal comniunieMtioii, Mr. D. M. Sinii)soii. 
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losses for the sub-lots of 10 |)er cent moisture content stored at tlie same 
temperature were only as lai'jL^e as those for tlie sub-lots of lower moisture 
contents. Comparable data, previously published by Simpson (0, table 6), 
for a field ])lantinj»: in 1940 (after 21 years of st()raj»(‘) indicate a similar 
adverse effect of a hijili se(‘d moisture content on the survival of the anthrac- 
nose fun< 4 iis. 

F}isarnt)n nunuhf(tnne was tli(‘ ])redominatinj>’ fungus oji non-<?ermiiiat- 
in^^ seeds, while small percentages of seed were infected by Aspergillus spp.y 
a (^haclonuuiii sp,, an Opinolncintin sjk, and several other unidtmtified funf^^i. 
A Uliizopus sp. was |)reseiit on the seeds of 14 and Ifi per cent moisture con¬ 
tent. All th(*se funiii may have contaminated the samples after their re¬ 
moval from the stora<ie ('ontainei*s. However, since they represent the typi¬ 
cal funi^us flora of non-^erminatinir seeds, there is reason to believe tliat 
tln*se species survived stoi'a^e, 

SUMMAKV 

Portions of 2 lots of (-otton seed naturally infested by the anthracnose 
funjz’iis, Colleliiirivhum gossypti^ were adjnst(*d to moisture contents of ap- 
jiroximately 8, 10, 12, 14. and lb per cent. Sam])les of each moisture content 
of each lot were i)la(‘ed in storage at P^, 21", and 33'' C., and also at the air 
teinperatui‘(* of Knoxville, T(*iin, After storaj^e for 12. 17, and (16 months, 
sei‘ds Tnan the.S(‘ samples ^\(‘re ^uu'ininated at 24" to ascertain the survival of 
th(‘ funj^us. 

Tin* survival of the funj^iis, as indicated by the ])ereenta;^e of seedling:s 
infected and killed, was undiminished after 12 and 17 months of stora) 2 re on 
only tin* seeds stoi'cd at 1 C. 

After st(»ra^e for o..') y(*ars at 1 C., tlie fun^ius infect(Ml more than 75 per 
(*ent of the seedlinji’s w}ji<'h develojied from seeds stored at 8 j)er cent mois- 
tiu'e ('oiitent. A rediu'cd number of seedlings tended to be infected with 
each successive increase in tin* se(*d moisture coutejit up to Ki ])er cent, at 
whi('li moisturt* ('ontiuit fi*om P> to 27 |>er ('Cjit were infected. 

Under the storage conditions used, the anthracnose fungus ijifestin<i* the 
seeds tended to lose its ability to infect s(*edlinj 2 -s before tliere was appreciable 
loss of viability by the s(‘eds. 
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THE IXTEKNAl. INFECTJON OP COTTON SEED AND THE 
LOSS OF AMABILITY IN STOKAGE' 


C . 11 . A R X D T 

^ Acci‘X»ti‘(i for pul>lit*Mtioii Au|irust, 11, 11)45) 

Ill earlier pai>er>s (1, 4) based on a eoopcrative study ol eottoii seed stor¬ 
age, the adverse effeet ot* liigh storage temperatin’es and high seed-moisture 
eoiitents on the longevity ol* cotton seed and tJie antliracnose fungus infest¬ 
ing such seed Avas noted. Tlie results left unanswered tht* question as to 
wdiether loss of viability of the seeds in storage was due priiiiarii\^ to auto- 
eatalytic changes within the see<ls or to infection of the seeds l)y micro¬ 
organisms. Both of these proee.sses should have been favored by the higher 
moisture contents and by the liigher storage temperatures us(‘d. Tlu^ obser¬ 
vations reported in this ])aper were made to ascertain whetlier micro-oi’gan- 
isms were generally present in the interior of the seeds at the beginning ot' 
seed deterioration, since tli(‘ir presein'c ov absence should indicate the relative 
roles of infection and aut(»catalytic changes., 

METHODS 

Cotton s<hh 1 from 2 >toi*age tests were used. In one t(‘st (1, 4) made 
under controlled conditioiis. portions of 2 lots of .seed, Carolinaih‘I and Delta- 
pine, were adjusted to approximately 8, 10, 12, II, and 1(1 |)er eent moisture 
content and wei'e then stored at 1", 2133'' C., and at the air tem})eratnr(‘ of 
Knoxville, Tenn. Tlie other seculs were obtained from a coojx'rativt‘ locality- 
of-storage test, supervis(*d by ]). M. Simpson, in whidi | 4 ortions of a lot of 
StoiieviIle-2b seed were stored in ordinary seed houses at 7 locsdities in the 
soutliern United States, as list<*d in table 1. Une-lialf of each original lot 
of seed was acid-delinted. and tin* 4 bags of seed stored at (‘acli locality w(‘re : 
(a) fuzzy seed not treated, i^b) fuzzy seed treated with 2 i)er cent Cercsan. 
(c) aeid-deliiited seed, and (d) acid-dc‘linted se(*d treated witli 2 per (-ent 
Ceresan. 

If germination tests jnade by Simpson indicated l(>ss of viability by a 
given sub-lot of se<Mi, samples were sent tin* writer. Individual seeds wtu’e 
cultured in test t(d)es on sterile water agar at 24" (/. (1). In ordtn* to 
remove all external contamination by micro-organisms befoia* culturing, the 
seeds not i>revioiisly delinted were acid-delinted, waslnal in tap water, and 
air-dried. Immediately !)efore tlnw were plaeed in the test tubes, all seeds 
WTre immersed for 2 (ninntes in a solution (»f Ilgt.'L in 50 per eent ethanol 
(2.5 gm./l.), and wert* tlien washed with sterile water. One hundnal seeds 
Avere cultured for each sMmjde and wcr<‘ obscM-ved for at least 2 weeks. 

^ Tecliiikiui eoiiu'iliutioii .No. 122 of tli(‘ Soiitli ( 'Urolino .\giicultiiral Ex[>oriiio‘nt 
Station. Iiivost’gotioii injole in <*oo|»L‘riitioii with tlio Division of Cotton omi Otluo- PUx-r 
Crops and Disoa.sos, Jiincau of lUaiit Industry, U, S. J)o])artnjcnt of Agriculture. 
A('k}io\vlodgment is duo C. W. lioozor, forimTly agojit of tli(‘ alx»vo Division, for t<‘ehiiieal 
assistaneo in tljis .study. This study Avas |)laiinod and carried out in cooperation witli 
D. M. Simpsoi*, C. S. Cotton Field Station, Knoxville, 4'ennesst‘e. 
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Ilio (levelo])intMit ot a seed iiito a seedlin^* with a nornial i)rimary root, 
hypoeotyl, and cotyledons was used as a criterion of normal ^enniriation and 
correspondingly of a normal viable seed. The loss of viability by the seeds 
was ass()ciat(*d with the aj)f)earance ol abnormal seedlinp^s Avliieli have been 
‘n*oup(*d into 2 classes to facilitate the presentation of the data: (a) those 


^ ^ of a lot of StoncvWe-mt cMton seed after Htoraqe for JO 

montha w 7 difjoent locnht ws. Data arc based on the qermmation of 100 seeds 
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Pr, t’n/-7.v seed not tri'ntcd; PT, fn'//v st tMl treottHl witli ( Vrt*.s:ui; Dp, acid-doliritcd 
!iot P'l', ;i«-id (lt'liuti‘d sootl treated with (Vrosan. 

A ldiro\ iat ioriN tollowiii;; tlu* iiinnhors ndVr to s|KM*ios of VvniciUuim, AspcrqUIes. 
Fusariitm, to ;i iion.sjtoriil;itiiij|X <F.), or to bnetcria. 


that formed short radioles l)iit no evident hypo(*otyls and whose cotyledons 
did not cm(u-».re from the testas; ami (b) those that formed normal hypo- 
cotyls and (*otyledons but did not form primary i-oots of normal len<>‘tli. Tlie 
abnormal [n-imary roots Avert* usually from 3 to () cm. lon<2r, and their apices 
were blunt itnd dark. \Vhen normal cotyledons developed on such seedlings 
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numerous se(n)iLdary roots were genernlly formed at the upper portion of the 
radicle and the base of the hypoeotyl, whicdi permitted the (‘ontiniied ^^Towth 
of the seedlings. Total germination is used to designate the i^ereentage of 
seeds that formed radicles, regardless of the normalit\' of subsequent dev(‘l- 
opment, and is eipiivalent to the ordinary nsag(' of this term in germination 
tests. The various kinds of abnormal seedlings i)rodueed by the sub-lots, 
after a loss of viability was evident, are illustrated in figure 1. 



FlO. 1. Abnormal H(*e(ilings prodm'od by <*ottoM sood ot 1- [kt tTiil moisture eoiiteiit 
after storage for 28 months in a seed bouse at Knoxville, d’enn. 8<‘edliiigs jdiotograjdied 
after JO days’ ineubation at 21-’ (\ Xormal seedling, upper left. 

KHSTTLTS 

There were large diffei'eiu'es in the rate of s(‘t‘d deterioration among tlie 
7 localities in which the Stoneville lot was stored (Tal)le 1). The com lit ions 
that may have been responsible for tlu‘se differences will be discussed by 
Simpson in a lat(‘r paper. The differences in rates of deterioration among 
rlie sub-lots of seed of several moisture (‘ontents stoi'od at dilfertuit temt)era- 
tures were clearly related to both moisture (*outent and temperature. Via- 
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bility Avas lost more rapidly, in 4 iiioiitbs, in the lots o4 If) per cent moisture 
eontent stored at C. (Table 2) ; AvbiJe for S(‘ed of 8 per cent moisture 
(‘ontent stored at the same temperature, the viability was iindiminished after 
5.5 years (1). 33ie data of table 2 indicate an iiK'rease in the rate of deteri¬ 
oration with each sue(M*ssive increase in the moisture content and tempera¬ 
ture for lots which are (dh(‘i*wise comjuirable. One sub-lot, 1> -1() 33 of table 

TAIUjE ] 1 .-- )‘rrH(a</r ffmuituifion and fifpi s of srrdlinff.^ obtaintd from Iwo lots' 
of strd of jivr difff rent moi.stnrr ftnifonts after storatp at different temperatures 
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(MUUfUt, lomjUTJI- 

turc, uiid Icuytli 
of stor;ij;(‘;< 

'Fotal 

Normal 
sct‘d liners 

Normal toi>s, 
aOnoniial 
radiclt'K 

No tops, 
a bnormal 
radicles 

A-1 

0 

0 

0 

0 

it-K).;;:5-4 

0 

0 

0 

0 

A—14—.13—t 

or> 

28 

18 

10 

1; 14-:;;{ - 4 

1 

n 

0 

1 

A.1l’-33 -4 

S9 

74 

7 

S 


no 

20 

0 

12 


S! 

50 

10 

21 


:»4 

28 


JO 

iv-pj-:i3 17 

0 

0 

0 

0 

.\ 1(1-33-12 

S7 

87 

0 

0 

A 1(1-33-17 

i -r 

10 

18 

38 

lMc-33-12 

00 

4.1 

0 

0 

11.10-33-17 

74 

5 

20 

40 

A 

0 

0 

I) 

0 

11- 10 ;iir-12 

0 

0 

0 

0 

A14-nir-12 

30 

‘M 

s 

8 

A-14 uir-17 

0 

0 

0 

0 

11 14 jiir- FJ 

48 

20 

10 

3 

ll-14-:iir-17 

18 

0 

0 

18 


0 

0 

0 

0 

A-12-:iii-2S 

i:. 

s 

17 

20 

11 12-jnr- 2S 

47 

14 

13 

20 

A-10)- 21-12 

0 

0 

0 

0 

11 10-21-12 

3>o 

15 

12 

8 

A 14.21-17 

20 

0 

0 

20 

\-14-21-2S 

0 

0 

0 

0 

n-14 21 17 

71 

50 

0 

21 

11 14-21-2S 

4 1 

3 

8 

30 

11-12-21-17 

0.1 

SO 

0 

0 

A-12-1-2S 

ss 

80 

o 

0 

I1-12-1-2S 

00 

87 

0 

3 

“ A'jniclv A is 1'.Httlimidcl: vuriotv 

I> is l)clt;t|)iiic. 

A-10-33—4 designates a seed lot 

('.'I rolin.'iticl of 10 ]»ci‘ 
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at 33'^- r. ft»r 4 months. ‘*Air’' 

*t\‘rs to the ttMUperaturo 
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Ii;isc(l oil toe s(>c<iN. 


2, shows an ai>i)art'ntly hifiliei- ■•erinijiation after 17 than after 12 months of 
stora<re, bnl tlie j^ereentafre of normal seedliiifis was smaller after the longer 
storage ])eri(Kl. When there was little or no loss of viability, the percentages 
of normal seedlings for the snb-lots of table 2 approximate the i)ereentages 
of germination based on radicle ])rotrusion reported by Simpson (4); but, 
after ileterioration was evident, the percentages rej>orted by Simpson ap¬ 
proximate the Slim of the normal and abnormal seedlings of table 2. 
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The concurrent increase iji the percentaj»e of abnorniaJly gerniinatintt* 
seeds accompanying a loss of viability ina\' be indicated by grouping the 
sub-lots of table 2 into 4 groups with the total percentage of viable seeds (a) 
more than 80, (b) between 60 and 80, (c) between 40 and 60, and (d) less 
than 40. For these 4 groups, the ])ercentages of normal seedlings were 90, 
42, 38, and 32, respectively; the percentages of embryos that formed tops but 
had abnormal radicles were 3, 19, 26, and 17, res]>('ctively; and the ])ercent- 
ages of embryos that formed only short radicles were 7, 39, 36, and 51, re¬ 
spectively. The same increase in the percentage of abnormal seedlings was 
also shown by individual sub-lots. Thus, for sub-lot A~10-33 during the 
interval between sampling after 12 and 17 months, the total germination 
decreased from 87 to 72 per cent; while the percentage of seedlings witli 
abnormal roots increased from 0 to 18 and the percentage wliich foi*nu‘d only 
radicles increased from 0 to 38. 

The small percentages of seedlings infected by mi(*ro-orgaiiisms indicated 
that infection of the seeds was not the primary (‘.arise of the loss of viability. 
Less than 2 per cent of the seedlings obtaiinxl in the germination of seeds 
from the controlled-condition storage test were infect; d; and tliese were all 
s(‘edlings with dark, blunt apices, which were infected by a Penlcillium .sp. 
In the locality-of-storage test only 12 setMllings were int'ected, and these were 
abnormal seedlings with short radicles and without hyj)ocotyls and cot\- 
ledons that had developed from seeds that had not been treated with Cer(‘san 
(Table 1). 

The percentages of nonviable secnls which were internally inlected were 
]nnch higher than the percentage's for the viable seeds, but g(‘mu*ally not all 
were infected, as shown in table 3 for sub-lots A-10-33-12, A-IO-33-17, 
B-10-33-12, A-14-air-12, and B-14-21-17. Four of the sub-lots A\ith no 
viable seed had practically all seeds infected; while a fifth lot, A~16 21-12, 
had only 68 f)er cent infected. The percentagt's: of infected iionviable seeds 
were generally smaller in the locality-of-storage test than in tlie controlled- 
condition test, only ly 491 nonviabh* st'eds of the former lieing 

infected (Table 1). The treatnient of tlie seeds with Ceresan bel'oi*e storage 
did not prevent the infection of these seeds l)y fungi and bactcivia, altliongh 
a smaller percentage of the treated than of the untreated seeds was infected. 

The Deltapine sub-lot of 14 jjcr cejit Jiioisture content stored at 21'^ V. 
illustrates the increase in i)ercentage of nonviable seeds infe(‘.ted with an 
increased length of storage. After 17 months of storage only 7 j)er (‘.ent of 
the seed were infected (no infection of viable sec'ds), but after an additional 
11 months of storage 50 per cent were infected. Similar increases are evi¬ 
dent for the sub-lots A-12-33, A-14-air, B-14-air, and A-14-21. 

The predominating fungus obtained from the infected nonviable seeds 
was a white-spore s}>ecies of Asj)( r{filh(s. Yellow- and black-s])oi*e species 
of this genus were less abundant. The genus Penicillium> was reiiresented 
by several species; a grayisb-spore si)ecies was found most frequently, with 
yellow- and green-spore species found less fre(piently. As indicated in table 
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3, Dtplodia iheobromac was roiiiul only iu tlic Caroliiiailel sub-lot of 16 per 
cent moisture content after 4 months storage at 33° wlien 40 per cent 
were infected. This lot of seed was infested externally 1)\' this fungus at the 
start of the exi)eriment. Its failure to infect the nonviable seeds of the other 
sub-lots indicates that a relatively high tejnj)erature and a higli moisture 


TABLE 3. —Tcrccntaoc of non-viahlc aocdn for the tiro lots of cotton seed listed in 
table ^ and the 7iiimbcr of seeds per 100 secfls cultured that were mfected by several spe¬ 
cies of f unyi and hnetf rio 
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to tnble 2. 






•> Atilueviations following the 

numbers 

refer to itinhidia 

/ heobroiafo 

, Collet at rich urn 


ifossi/pii^ 6*])oc'it‘S of Fusoriinn, or to a uoiisporul.-iting fungus (F.). 


content are essenlial for tlie infection of the seed by this fungus. When lirsl 
stored (1) both of these lots of seed were also infested In* several species of 
Fusarium and by ColU lot rich um fjossi/pii. The n*sulls (Table 3) show that 
tlie latter fungus was obtain('d from only 6 seeds after deterioration of the 
seed liad started ; and Fusaria were obtained from only 2 seeds. Appai‘eiitly, 
infection of seeds by these fungi did not increase after storage or they were 
overgrown by various sapro]>hytes. The seeds whicli were infected by fungi 
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also Avere invariably infected by several species of bacteria, of wliicli the 
most common Avas a species AA’hieli formed AAdiite colonies on agar. This same 
species Avas also the most preA'aleiit of the bacteria Avliicli infected the seeds 
Avlu‘n tJiey Avere not infected by fungi. 

DISCUSSION 

The failure to demonstrate infection, by micro-organisms, of most of tlie 
abnormal seedlings and many of the iionAuable seeds seems to indicate that 
the initial loss of A’iability Avas probably associated Avith autocatalytic* proc¬ 
esses Avithin. the embryo itself, as described by Katon and Altschul (2). 
Since tlie meristem of the j)riniary root A\’as the hrst io lose its capacity for 
indefinite groAA^tli, this portion of the embryo is ai)parently more susceptible 
to injury by such processes than the other meristems. Similar injury has 
been noted in other studies in which seeds that had been stored in the labora¬ 
tory Avere germinated in sand culture. The first evidmice of reduced via¬ 
bility Avas delayed emergence of a portion of the seedlings. The apices of 
the radicles of these seedlings were invariably blunt and dark. These seed¬ 
lings, ill part, formed secondary' roots at the base (/ the hypO(*otA'l and upper 
portion of the primary root (Fig. 1). and they de\eloped into normal plants. 
The more scAcrely affected primary roots grcAV in almost any direction (at 
times even emerging from the sand) as if they had lost their capacity for 
normal geotropic res})onse. 

Although the data indicate tliat internal infection of the seeds by bac¬ 
teria and fungi could not have been the primary cause of the loss of vialiility 
of the seeds under the storage conditions of these studies, tills does not ap]dy 
necessarily to the sub-lots of 14 and 16 jier cent moisture content stored at 
33° C. AA'hich lost their viability during the first 4 months of storage, and 
Avhich Avere almost 100 per ('cnt infeeded at the time of the first examination. 

The technique used in these studies did not eliminate the possibility' tliat 
in certain instances the loss of viability may have been accelerated by the 
action of fungi and bacteria on the jieriiiheral portions of the seed, if it may 
be assumed that the surface treatment of the seeds Avith HvSO^ and the 
HgClo solution killed or inhibited the groAvth of such fungi and bacteria, 
Avhen the seeds Avere cidtured on Avater agar. This jiossibilitA' seems to be 
definitely eliminated by the fact that the deterioration of the Ceresan-treated 
sub-lots ill the locality-of-storage test was not greatly different from that of 
the untreated seed. Similarly, Robertson ft al. (3) found that there Avas 
little difference betAveen the rate of deterioration of untreated and Oresan- 
treated barley, oats, and Avheat seed Avhich had been stored at several relative 
humidities. 

SUMMARY 

Cotton seed in Avhich there was a reduction of viability after storage Avere 
surface-sterilized and germinated under sterile conditions. In one study, 
seeds of 5 moisture contents Avere stored at 4 temperatures (1°, 21°, 33° C., 
and that of Knoxville, Tennessee) for periods of 4, 12, 17, and 28 months. 
In another study, seeds Avere stored in 7 localities in ordinary storage houses. 
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A iiejiligible perceiitaj^^e of tlie viable seeds, ineliidin^ those that formed 
abnormal seedling’s, were infected by bacteria or funj^i, and many of the non- 
viable seeds were not infected, whi(*h indicates that micro-or^'anisms are not 
necessarily the primary cause of the deterioration of cotton seed at ordinary 
storaj^e temperatures when the initial moisture content of the seed is 14 per 
c(Uit or less. 

The onset of the loss of viability by the seeds was associated witli the 
aj)])earance of abnormal seedlinjrs. The various abnormalities indicated that 
the meristein of the primaiy root was the first portion of the embryo to be 
injured during’* storage and to lose its cai)acity for indefinite growth, al¬ 
though it generally retained its capacity for limited growth longer than the 
meristera of the hypocotyl. The primary roots of abnormal seedlings rarely 
(leveloped beyond a lengtli of 4 to fi cm.; and their apices were generally 
blunt and discolored. 

Department of Hotany, 

Aohicultimlvl Experiment Station, 

Cr.EMSON COLLEOE, SOPTlf CAROLINA. 
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80ME FACTORS INFLUEX(;iXO CURLY TOP VIRUS 
COXCEXTRATIOX IX SUGAR BEETS 


X . .7 . (7 I T) 1) 1 N (; s 1 

(Acet'ptod for ]>ii])ru'Otion ,l»lv ii4, ll>4r>) 

INTKODl OTIOX 

In ciirlier studieis on susceptibility of supir beet to the curly-to[) disease 
(1) there was evidence suggesting that the virus concentration in infected 
resistant beets used as virus sources was lower than in infected i)]ants of tlie 
more susee|)tible varieties. It often happened that an appreciably lower 
percentage of test plants bec^anie infected when the vectors were leafhoi)i)ers 
that had fed on diseased, resistant plants than wlu‘n similar vectors had fed 
on diseased, susceptible plants. This Avas not given miudi consideration at 
that time because it was recognized that there Avere many other factors wliich 
influence the amount of infection among test plants. As biglily resistant 
varieties of sugai’ beet Avere dcA'eloped it appeared more important to deter* 
m ine the relationship bet Aveen resistance and virus ,concent rat ion. 

Ill 1929, Holmes (o) re])orted a convenient and ac(*urate nndliod of (W- 
terinining tlio relative commenti‘ations of tobarco mosaic virus, but no similar 
‘^local lesion’’ method for use with the curly-top virus, Eiiffo rrrrurosti 
Carsner and Bennett, has been iliscoAered. Lai^key (b) reported that mol 
tips of curly-top infected sugar beets and of lieans had a iiigher virus ron* 
centration in the portion below the protophloem sieve tubes tlian in po]*ti(»ns 
just above that region. Using virus strain I, he reported (7) that the I'oot 
tips of resistant sugar beets had a lughei* virus concenU’ation than those of 
the susceptible beet. He also reported (S) that i'<K>t tii>s of the susceptible 
bean varietA- Bountiful liad a higher virus coiu'entration when infe(*1ed Avitli 
the moi*e A'iruJent strain 1 than Avhen infected Avith th(‘ less viiadent strain 4. 
but that in root ti|)s of susccjitible beets the less virulent strain 4 reached a 
someAvhat greater (‘oncentration than strain 1. In all of tliese experiments 
he fed nonviruliferous leafhopian’s on .ini<*e fi-om the root tips to be tested 
and then caged them on young, susceidible sugar-beet plants, using one 
leaf hopper to a ]4ant. 

AIKTllODS 

X'onviruliferous It^afhoppers Avere fed for a sliort ])eriod ujuui ])lants 
infected Avith a known virus strain and hereafter d(‘signated as ‘‘source 
plants.” Tlu*y Avere then transf(n*red to healthy, young sugar-beet plants, 
one leafhopper being caged on eacli test ]>lant. Tin* percentage of plants 
Avhich be<*ame infected f]*om each soui-ce jdant was determined and it Avas 
assumed tliat such ini'e<dion data gave good eA’idence as to relative {*oncen- 
trations of curly top virus. 

J Senior Pntliologist. Division of Hugar FUant Investigations, lUireau of Plant Indus 
try, Soils, and .Agricultural 'Engineering, AgricMiltural Research Administration, United 
States DepartniOTit of ,Agru ulture. 
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Youii^ adult leatlioppers have been iuoi*e satist'ai'tory than nymphs or 
old adults. Nyinplis were sometimes found inonltinjLi* in tlie eaoes on source 
plants and at this sta^>e they may Jiot feed fer some hours. The older adults 
were likely to feed less than active nymplis or youn<>- adults and to die in 
greater juunbers than the young adults. 

The sugar-beet varieties used as soiiive plants were the highly resistant 
S.I j. ()8 and the very sus(‘eptible 8.L. 842. The (‘urly-top viiuis strains used 
W(u*e those |)revi()usly described (2) as strain 1 and strain 2. Each of these 
strains readily ijifects the i-esistant beet but neither of them indiK'es severe 
injvny in this host. Plants of th(‘ resistant S.Ij. (>8 infected by strain 1 show 
vein clearing, occasional small paj)illae along the veins on the underside of 
the leaves and in many ('ases some rolling of the leaves (See (IR) in figure 
1). Plants of S.L. (>8 infected by strain 2 sliow similar but less obvious 



Fkj. 1. t'ln lv top syuiptoiiis on young sugar beets iiO days after iuoeulatiou ; 

ImM’ t variety S.I^. 84L’ infected by virus strain 1 (1), beet variety 8.1^ 08 infected by virus 
strain 1 (lU i, and be<*t variety 842 infected by virus strain 2 (2). 


.s\in])toms. It is often iie<'essaiy to look ratber elosely at plants of this 
rtvsislant variety inf(*('ted with strain 2 to ileteet any sym|>toms. Plants of 
the suseeptil)l(' variety S.L. 842 are readily infeeted by either virus strain. 
Ill smdi plants inr<‘ction liy strain 1 causes extreme dwarfing and distortion 
of llu' foliage, while infeidion by strain 2 indviees relatively little distortion 
<»r injury (Fig, 1). Symptoms iudueed in plants of the susceptible variety 
by strain 2 were .similar to those iudiKHxl in jilants of the resistant variet.v by 
strain 1. The soun'e [daids selected for use weiM‘ as nearly' eom]>arable as 
pi*a(‘tieable but ditfeiviu'es in severity id’ symptoms were unavoidable. 

Feeding periods of iiouvinilifej-ons ]eaflio|)|)ers on soui*ce plants were 
varied from To mimit(*s to 72 hours. For feeding |)ei*iods of ten hours or 
less the l(‘afhoppers were ('aged on the sonivc plants during the day. In 
tlii‘ i^irlier experimmits the source plants wei*e kei)t in an auxiliary green- 
liovise where tlie temperature range miglit lie anywhere from to KKP' F. 
A high tem))eratnre and a relatively short feeding period on the souree 
l^lants a|)peared to give better results than longei* feeding periods at lower 
tem|)eratnres. so the last seven experiments were conducted Avith the souree 
])lants in a speivial feinling ebamber where il was possible to maintain a 
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temperature of about K)0"' F. A feeding* period of two or three hours Avas 
fovuid ade(iuate under these eonditions. 

Leaflioppei’s Avliicli had fed on the souree plant to he tested for virus 
eojieentration Avere transferred to young sugar beet plants in the early Iavo- 
leaf stage and permitted to feed on these for a Aveek at ordinai*y greenhouse 
tem])eratures rajiging from 60® to 90® F. Each test plant Avas inoeulated 
through the cotyledon, using a small leaf cage and one leafhopper to a plant. 

The curly-top susceptible beet 8 .Ij. 842 Avas used as a test ])lant in every 
experiment and the highly resistant beet S.L. 68 Avas also used as a test plant 
in a number of experiments. All test plants Avere set out in boxes 22{ inclms 
long by 5J inchf^s wide by 45 inches deep, inside dimensions, Avith 10 or 12 
plants arranged as five or six pairs lengthwise of the box. Inoculations Avere 
made in pairs so that ea(4i virus source occurred on plants adjacent to tAVO 
other sources Avhi(*h Avere to be compared AA'itli it ami so that inoculations 
from the same sour('e did not ahvays occur at the same position in tlie box. 
This gave something ap|)roaching randomized arrangement of the test ])lants 
Avith different Aims sources and as.sured com])arable results. 

EXPERIMENTAL WORK ? 

The method used for determining Aurus concentration ('annot b(' ('onsid- 
ered A^ery exact. In vieAv of this, and since there is abundant evidem'C of 
differences in virus concentration (ff individual .source ])lants, it seems best 
not to include detailed data covering eac'h of the experiments. 

Report on a Typical Experment. The detailed data fi*om a representa¬ 
tive experiment are given in table 1. This table gives data ti) indicate rela- 
tiA^e eoncejitration of (‘urly-toj) virus in i*esistant souri't^ ])lants and in sus¬ 
ceptible source plants. Plants 1 and 2 are considered as one ](air <d’ source 
plants, 3 and 4 as anothei' i)air, and so on. The concentration (>f virus strain 
1 AA*as tested from tAvo pairs of source plants and for three periods of feeding, 
making six pain'd tests. The concentration of virus strain 2 was tested 
from three jiairs of source jilants and for thn'C jieriods of feeding, making 
nine jiaired tests. Each of these tests Avas planned to include 24 yilants and 
variation from that number Avas due to death of an occasicuial plant. This 
experiment included the inoculatio!! of 714 test plants from 10 source* plants. 

Relative virus concentrations in plants infected by strain 1 and in those 
infected by strain 2 are revealed in table 1 by consid(*ring jdants 1 and 5 as 
one pair, 3 and 7 as anotlier, 2 and 6 as another, and 4 and 8 as another. 
Plants 9 and 10 ('annot be consid(u*ed for strain com]iarison as tliey Avere 
each infected with strain 2. I'he data for this comparison were setuired from 
571 test plants and from 8 source plants. In this (*ase some data for ('om- 
paring ('oncentrations of strains 1 and 2 Avere setuired incidentally from an 
experiment set up jirimarily to determine possible virus ('ouceiitration dif¬ 
ferences between the resistant and the susceptible source plants. Manj^ ex¬ 
periments Avere set up for tlie single purpose of comparing resistant source 
plants and sus(*eptible source plants. Other experiments involved only 



TABLE 1. — Ti/pical sviiiinarp shtit frr>t}> curly-top virus cnnc* niratimi vj-pt rimniis. Data from tvsts of March o, 193-)^ inchuUng 15 tests ichicJi 
cover 5 pairs of sourcf plants, J pf riods of f( t (Hug, ajuf J strains of virus. Ttsts made upon_ yining plants of susceptible sugar-beet variety S.L. S4£ 
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a Soiirco plants 1 througli 4 had l'('on iiioeulatfd January 9, 19J8, with virus strain 1. Soureo plants 5 through 10 had boon inoculated January 0, 
1939, with virus strain 2. 
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comparisons of .source plants infected by strain 1 Avith plants infected by 
strain 2. 

Individual variation in the source plants is indicated by ])lant 7 in table 
1 which showed the loAvest virus concentration of any of the susceptible 
source plants for eacli of the thi’ee reeding* periods. Plant 10 gave similar 
evidence as a resistant source. Plant 7 happened to be paired against a 
resistant source plant. No. 8, which consistently shoAved a relatively high virus 
concentration for strain 2 so that in ea('h of the three feeding periods the 
resistant source plant indicated a higher concentration than the sus(*ei)tible. 

The data in table 1 also indicate that plants infected by virus strain 1 
contained a higlier (concentration of virus than those infVa'ted by strain 2. 
This was true in botli the resistant group of souiv'C plants and the suscep¬ 
tible group. Iloth the pei-cejitages of plants infected and the pivriods of 
incubation suggest a greater virus (concentration for strain 1. Another 
po.ssibility Avould be that the longer incubation pto'iod for strain 2 is due 
to a slower response on the ])art of the liost. The incubation p(M‘iod A\'as not 
u.sed as a factor in determining the significance of data dealing Avith relative 
couceiiTrations, 

The six ])aired tests involving strain 1 shoAv only'oiu* (‘ase, plants No. o 
and 4 in the six hour period, in Avhich the resistant source plant indi(‘ated a 
higher virus concentration than the suscei)til.)le. In five of these six tests 
the incubation jAcriod Avas longer tor jdants irdected from tlu' resistant 
sour<*e plants than for those infected from the susceptible source ))lants. 
The nine paired tests involving strain 2 sliowed three instances in Avlii(di the 
resistant source plant indii'ated a higher virus concentration than tlie sus¬ 
ceptible and the same pair of source plants, 7 and 8, Avei*e in\‘olved in each 
('asc. The susceptible sourc'C plant ('arriial a higher virus concentration in 
the otlier six tests. Such data from one experiment do not indi(*at(^ signifi¬ 
cant differences, but similar results from many experiments Avere highly 
signifi(‘ant Avheu subjected to the test for signific'ance. 

Relative Concoitraiion as htflm nevd hjf Resistance of Beet. The highly 
resistant sugar beet variety S.L. 08 and the susceptible Aariety S.Ii. 842 Avere 
used as virus-source plants. The tests were (‘.ondiU‘t(*d Avith curly-top virus 
vStraius 1 and 2. Each of these strains readily infects either the sus(‘(‘|)tible 
or the resistant sugar beet but strain 1 induces relatively mm/h more scA ci'e 
sy mptoms than strain 2. 

The tests on susceptible plants from soui*ce ])lants carrying strain 1 
shoAved that the susceptible source plants contained a higher virus (mukhmi- 
tration than the resistant sourc'e plants in a. very large perc(»ntag(‘ of the 
tests (Table 2). On susceptible test plants there aaus 11 per cent more in¬ 
fection among the total of 1,073 inoculated Avitii strain 1 from susceptible 
source plants than among the total of 1,067 inoculated from resistant source 
plants (Table 3). 

Tests on resistant plants from .source plants carrying strain 1 gave a still 
larger percentage of tests iu Avhich the susc(^ptible source plants shoAved the 
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lii'irlier virus eoneentratioii (Table 2). Ou resistant test plants there was 11 
I)er (»ent more iiifeetion among* the total of 890 inoenlated From siis(*(‘f)tible 
source plants than amount the total of 893 inoculated from resistant source 
plants (Table 3). 

This 11 per (*ent difference between the amount of infection from suscep¬ 
tible source plants and the amount from resistant sourc'e plants is the same as 
the difference sliown when susceptible source plants were used but the eleven 
point increase over 23 ihm‘ cent in the (‘ase of resistant test ])lants is nearly 
one-half, whereas the same increase over 54 i)e]' cent in tlie case of susceptible 
test plants is only one-fifth. The infection per(‘entages secmred from re¬ 
sistant source plants and from suscejdible source ])lants sliow very different 
ratios depending u|)on whether the test plants ai*e resistant or susceptible. 
Similar differences are evident in all experiments involving* the resistant and 
the sus(‘eptible source plants. 


TABLE 3. — Summary of resuU,'! of trst-plaui 
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iiHuh from rtfiistaut 
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to (htcrmiiK rrtnlivr curly top 

r/'n/.v 

eonccnirafiou,^^^ 






Resistant t(‘>l: plants 

8nsctM>tible tt‘St plants 

Bounce and strain (if virus 

- - — ■ 

-- — - . 




Inoculated 

Diseased 

T noculat od l)is(*a.sed 


X urn- 

Xum- Pi)' 

Xum- Xu)n- 

Vrr 


brr 

hrr rntf 

hrr t/rr 

fv nt 

Suscoptitih^ plants carrying strain J 

890 
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72 
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« The r(‘sistaiit sugar b(*(*t was 

the vari<‘ty S.L 

(. (58 and tlu 

susceptililc iM'et was 
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vnrictv )S.L. 842. 


Comparative tests for virus (*oncentration in the snsce]>tib1e l>eet and in 
the resistant beet wlien infecteil l)y virus strain 1 are sonu‘what com]>li('ated 
by the fact that the symptoms are different in the two bt*et varieties. The 
susceidible beet is greatly dwarfed and distorted wlnueas the resistant betd 
is not dwarfed and has relatively mild sym})toms (Fig. 1). The extreme 
dwarfing of the susce])tible plants means that the available tissue for l(‘af- 
hoppers to feed upon is much less than in the case of an inl\‘cted, resistant 
plant of the same age. This might mean less favorable feeding (conditions 
due to crowding of the leaflioppers. 

Susceptible sugar beet plants infected with cni*l\*-to|> virus strain 2 do 
not show the dwarfing and distorticni mentioned in coiun'ction with strain 1 
and so might be thought to give a more accui-ate piedure fis to the relative 
concentrations. Tests on susceptible plants from .source plants carrying* 
strain 2 give a still greatei* |)ei*centage in which the susceptible source plant 
carried a higher virus ('ouctmtratiou tliaii the resistant .souri'c ])lant (Table 
2). Of the total susee])til)le test plants inoculated there was 40 [)e]* <*eut 
moft? i]iferdion among those iiiocndated from sus(‘eptible source plants than 
among tliose inoculated from the resistant source plants (Table 3). 
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Tests on resistant plants froin source plants carryino- strain 2 sliowed a 
hif^lier virus eoncentration for tlie susceptible source plant in every instance 
(Table 2). Of the total resistant test plants iinxmlated there vras 47 per cent 
more infecdioji among those inoculated from susceptible source planis than 
among those inoculated from the resistant source i)lants (Table 3). 

Tile did'erence in virus concentration was indicated more strikingly when 
resistant test jilants were used lhan when susceptible test plants Avere used. 
This was true whether (ionsidered on the basis of tests made or on the actual 
number of lest plants inoculaleil and for both viiais strains 1 and 2. It is 
also evident tliat the differen<-c in concentration Avas greater, or Hint the 

TABLE 5.— Summar}/ of rcfndts of itfit-plani inoculations made from su(/ard)(i I 
plants infected with strain. 1 or wi(h strain during studies to determine relative curly 
top-virus concentration^ 
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25 
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52 
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41 
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05 

17 
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According to tin; aiiionnt ol‘ injury induced on susct'ptiltle and on resislaal sugar 
beets, strain 1 is tiigldy virulent Avhib* strain '2 lias relatively low virulence. Data in. this 
sunnnary aia; not coinparalde with data in table The data for strain 1 virus f rom sus¬ 
ceptible source plants on resistant test }>lants an‘ typical of each grou]>. The leafliopper 
vectors used on 10 per cent of the 0o8 |)lants ( Table 5) had tVd for 0 hours to -18 hours 
on source ])la?its and 00 jier eeni of them had fed for ,*’> hours or less on source plants, 
whereas the vectors used on (51 per cent of the 800 plants ( Table ?>) had f(d for (5 hours 
to 48 hours on sourci* plants whih‘ only 30 ])er vent had fed for .‘i hours or less on source 
plants. This resulted in a lower iierccuitagt* of infection for tlu' test jilants in talkie (> 
and it would he unfair to compare }u*reentages from susecjOible .and from resistant soiirco 
plants in this taiile witli those in talile 2. Al(*st of the experiments irnduded in tin' loll 
tests involving the data in table .1 were set up under <*onditi(»ris which wouhl not warrant 
the use of any data from tliein in connection with talde 3. 

diffcrtuice AViis broiiglit out diM-idcdly wlicii strain 2 Avas used than 

A\dieii straiji 1 was used. 

Tlic evid(*iic(' sliOAVs conclusively tJiat r(»sislaiit sugar beet plants c-arry a 
mueli lower (concentration of enriy-top virus tlian similar plants of a snsec])- 
tible A^ariety Avlien both ai*e infected Avith the same virus strain. 

Virvs Concentration as Bdatnl to Viruhnee of the Virus Strain. Any 
comparison of strains 1 and 2 from snscc|)tiblc sonri-c ])lants involves tlie 
consideration of the diffcrmices in severit\’^ of symptoms. It is Indicviul that 
efforts to secure a fair comparisoii in tin* case of sus(*(*})tible sonna* plants 
AATre siKjcessfnl, and it is certain tliat dwarfing and distortion Avcrc not in- 
volATd as factors Avlien the r(*sistant beet 8.L. 68 Avas used as a soiuHa* plant. 

Tests on susceptible ]dants from susceptible source plants showed a 
greater virus concentration for jdants infected Avitli strain 1 tlian for those 
inferred with strain 2 in a high jicrccntage of the tests (Table 4). Of the 




1946] 


Giddings: (Turly Top Virus in Sugar Beets 


47 


total susceptible test plants inoculated tliere was 11 per cent more infection 
amon^ those inoculated from strain 1 source plants tban among those inocu¬ 
lated from strain 2 source i)lants (Table 5). 

Tests on resistant plants from susceptible source plants showed a still 
gr(*ater percentage of (*ases in which there was liigher virus concentration 
for the plants carrying strain 1 (Table 4). Of the total resistant test plants 
inoculated there was 14 per (jent more infection among those inoerdated from 
strain 1 source plants tba]! among those inoculated from strain 2 plants 
(Table 5). 

Tests on susceptible ]»lants from resistant soui'i e plants showed a higher 
virus concentration for plants carrying strain 1 than for those carrying 
strain 2 (Table 4). Of the total sus(*eptible test plants inoculated there was 
14 i>er cent more ini'ection among those inoculated from strain 1 source 
Iilants than among those inoculated from strain 2 source plants (Table 5). 

Tests on resistant jdants from resistant source plants showed a higher 
virus coiu'entration for th<‘ strain 1 source ])lant in every case (Table 4). 
Of the total resistant test ])lants inoculated there was 12 per cent more in¬ 
fection among those inoculated from j>hni1s carrying strain 1 than from 
those carrying strain 2 (Table 5). 

AVhen com])aring strains 1 and 2 it again appears that differences in 
virus comamtration were m<n-e (dearly evident Avhen the test plants were of 
the resistant becU variety than when tln^ siis(‘e])til)]e beet was used. This 
was true whether the source ]dant was susceptible oi* nvsistant, but the dif- 
t’erenees wer(' more striking on eitlicr variety of tost idant when the source 
plant was resistant. This jnight indicate an actualfv greater dift'erenee in 
coiiecvntration iu the resistant snnrcc plants or that any existing ditfereiK^e is 
more strikingly bi'onglit out. 

It is (dearly (evident that sugar-beet plants infected with strain 1 carry 
a iiiglnn- virus ('oncent rat ion tban those infected with strain 2. 

r/ra.v ('(nici ntmii()}i as Rrlaiiti io Time Elapsed after Infection. A 
sugar-beet ])]ant wliitdi has ]>een infciGed by curly top either dies in a few 
weeks or sliows a mor«‘ or ](^ss prononneed 1endem:*y to recover as evideioMHl 
by l(‘ss s('V(vr(* synivdoins on the new' growth. This is true either in the field 
or in the greenhouse. 

The sonn'O plants used in th(‘se tests w'ere inoenlated in the young Iwo- 
leal‘ stage. Some plants wdiiidi had been infected for 24 days w'ere compaiaxl 
w’itli othei-s which had been infected for 5 mmitlis; plants infected for 5 
w'e(‘ks were compartHl witli others infeeted for iil montlis; plants infected 
for 2 iiKmills were eompared witli otliers infeited for 8 months; and some 
infeeted for t montlis were eomiiared wdtli otliers infeeted for 7 montlis. 
The plants infeeted for the longer periods in eaeh group had definite signs 
of r(a‘()very. They were gi\ cn additional nitrogenous fertilizer in the hope 
that this would tend to (H»rrect any cftecds that might be due to a defieieney 
in nutrients. The only tests in this entire series in which some source plants 
show<‘d a higher eoiK'entration of virus strain 1 for the older plants (see 



TABLE <j.—CvntioUdafrd data from hsl.-; (., drlmnin, the coneeiilration of citrlii-top virus in souivr puinls ns related to time after infection 
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table 6) Avere aiiioiij*- those iu whieli the yoini^er iiii'eetioiis were 2 or 3 
months old. Tliis is nndoubtedly explained by the faet that these plants 
were reeoveriim*. 

Tests on siis(‘e])tible plants from siise.eptible source plants carrying* strain 
1 showed a higher virus concentration for the yonnjrer infections in a very 
hijjh |>er(*(‘nta^e of tlu* tests (Table 6). Of the total susceptible test plants 
inoculated tliere vas 16 per cent more infection secured amonjj;’ those inocu¬ 
lated f rom ])lants whicli had been infected for a short time than amonj^ those 
Avliich had been infecded for a lon^«: time (Table 7). 

TABLE 7.-- SfiintiKirff af rt.sHlts of hsl-planf iiuu-ulations niadr durinif studies on 
offe offer iiifeetinn as related to rurip fop-rirns eonee at ration in snpar beet 
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T(*sts on r(‘sistant |)lants rroin sns<«e]>tibl(‘ source ])lants carrying* strain 
1 showed a lii^liee \ irns t'on<‘entratiem for the yoiinji: infections in a still 
greater ])ercentajic <»f the trials (Table 6). Of the total resistant test plants 
ino('ulat<‘d there was 26 per cent more infection amoim“ those inoculated from 
plants wide]) liati hvow infected for a sliort time than amon«‘ tliose wddeli had 
been iidecled foi- a lon^’ time (Table 7). 

Tests on snsce|)tib]c ])hnits from resistant soinve plants carryinj>’ strain 
1 showed a hiuliei* virus i'onct‘ntration for the youn|i*er infections in a very 
hi^h i>ercenta^^e of the tests (Table 6]. Of the total susceptible test plants 
ino(‘ulated thei*(‘ was 20 ])er ovut more infection secured anioiyu: those inocu- 
]at(‘d from |>lants w Inch had been infected for a short time than amono' tliose 
which had been infeided for a lonj:’ time (Table 7). 

Tests on resistant plants from resistant source plants carrying- strain 1 
showed a hipfher virus ('oncentration for the younp:er infections in a high 
per(*entage of the ti*ials (Table 6). Of: the total resistant test plants inoeu- 
lat(»d there was 12 per cemt more infection secured among those inoculated 
from jdants which liad been infected for a short time than among those 
inoculated from plants Avhich had been infected foi* a long time (Table 7). 



50 


PH YTOPATIIOLOG Y 


[VoL. 36 


Tests on susceptible plants from susceptible source plants carrying strain 
2 showed a higher virus concentration for the younger infections in every 
case (Table 6). Of the total susceptible test plants inoculated there was 28 
per cent more infection secured among those inoculated from plants which 
had been infected for a short time than among those inoculated from plants 
which had been infected for a long time (Table 7). 

Tests on resistant plants from susceptible source plants carrying strain 
2 sliowx^d a liigher virus concentration for the younger infections in every 
trial (Table 6). Of the total resistant test plants inoculated there was 31 
per cent more infection secured among those iiiocnilated from plants which 
had been infected for a short time than among those inoculated from ])lants 
which had been infected for a long time. 

It is clearly evident that, under the conditions of these experiments, llie 
virus concentration was greater in plants a short time after infection than it 
w'as several months after infection. This was true for both strain 1 and 
strain 2 of the virus and regardless of wludluu’ tlK‘ source plant was a resis¬ 
tant or a sus(te[)tible sugar beet. 

DISCUSSION ? 

It has already been shown (3) that age of plants at time of curly-top 
inoculation is an important iactor in the amount of infection and tlie degree 
of injury which may occur. The data here i>resented iiulicate that the rela¬ 
tive age of infection as related to virus concentration is another factor in 
favor of the older beets. Both tlie inereased resistance and the decr(*ased 
virus conceiitratioii are favorable faidors in any l)eet fields in which there 
are few’ eurly-top-iufected lands and a leafhopper population tliat does not 
increase for some weeks. Such conditions may well }>c fa(*tors of importance 
in connection wdtli beets planted for seed or in otlier j)lantiiigs rnadt* in the 
fall when conditions become progressively less favoi*al)le for the bnifhoppers. 

The presence of the more virulent curly-to])-virus .strain 1 in any beet 
field is certain to result in more rapid s|U'ead of the disease tlian if tin* \’inis 
wwe strain 2, as evid(*nced by the greater ('nm-entratiou of the strain 1 in 
either the snscei)tible or the resistant sugar-beet source plants (Tables 4 and 
5). Although other cnrly-top-virns strains ])rodnciiig relatively serious or 
slight injury to sugar beet ha\'e not betui .stndi(‘d it is reasonal)l(* to ex])ect 
that their comparative concentrations in in feeted sngar-b<*et plants w ould 
vary in a manner similar to those of strains 1 and 2. 

The data in table 3 show^ that, under the eonditions of these experiments, 
the percentage of infection secured from resistant sonret* ])hvnts ('arrying 
strain 1 w^is only 23 when resistant tost plants were used wdiile the same 
virus from susee{)til)le source plants gave 65 i)er eent infection among sus¬ 
ceptible test plants. This w'onld indicate that the rate of spread of strain 1 
curly-top virus in a field of susceptible sugar beets might well be approxi¬ 
mately three times as rapid as it w^ould be in a field of tlie highly resistant 
beets, assuming that each field had tlie same amount of initial infeetion and 
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the saiiic population and distribution of the vector. In the case of strain 2 
virus there was only 12 per cent infetdioii secured from resistant source 
plants Avlien resistant test ])lants were used, while the same virus from sus¬ 
ceptible source plants jiave 72 ])er cent infection amori< 4 ’ sus(*.eptible test 
plants. This would su^»‘<^est the possiliility for six times as rapid a rate of 
spread of virus strain 2 amon'j: tin* [>Jants in a field of susceptible beets as 
in a field of resistant bf*e1s. 

Field conditions would rarely, if e\er, be closely similar to those used in 
tliese exiieriments, but the .uemu-al ]n*in<Mples winch broiipfht about tliese 
results in the j*re(‘nlH)use would cer1aiul\' be important factors in commer¬ 
cial beet fields. In other words, it is clear that the rate of spread is certain 
to be jireatly reduced in fields of resistant beets and that the presence of 
susc(‘|)til)le beets adjacent to the resistant fields would greatly increase the 
rate of spread. ]i<*sistant su<iar-bect varieties are well knoAvn for their 
ability to resist sev(‘r(» injury when infected and for the lower rate of infec¬ 
tion that results wiien tlu'V' are inoculat(‘d. The much lower virus concen¬ 
tration carried by such resistant l)(*ets is another important factor in their 
favor. 


SUMMARY 

Tlie curly-top-vii'us concentration is much greater in infected susceptible 
siigJir be(*ts than in infected resistant simar beets. This is true for botli 
sti'ain 1 wliich is highly viriihud and strain 2 which is relatively low in 
A'iruleiKM'. Tlie difference in virus eon(*entration between resistant and 
sus('e]>tjbh‘ ])lants is much greater in those infected with strain 2 than in 
thos(‘ infected with strain 1, 

'riie curly-top-virus concentration is much greater in sugar-beet i)lants 
infe<'ted with th(‘ highly viruhnit strain 1 Ilian in those infected with the 
less vi I’ll lent strain 2. This was true in both the susceptible sugar beet and 
tlie resistant sugar lieet. ddie differenct* between strains 1 and 2 in virus 
com'cnti’ation is much griaiter in resistant source plants than in susceptible 
source ])laMts, 

The ciirly-top-vij'us concentration is much greatiT in sugar-beet plants 
three w<*eks to twelve wt‘eks after infection than in ])lants which have been 
infi'cled for tliree to eight months. This is tnu‘ when the source iilauts are 
infeided with either virus strain 1 or with virus strain 2 and, in the case of 
strain 1, whether the souri'e i>lant is id' the resistant variety or the susce])- 
tible vari(‘ty. 

Idle x‘ test shows high significance in the virus concentration differences 
found betweiMi infected jilants of the resistant sugar-beet variety S.Ij. 68 
and the sus(*t‘ptil)le variety 8.L. 842; betAveen ])lants infected by strain 1 
virus and those infected by strain 2 virus; and between those which have 
been inf('ct(‘d for :> to 12 weeks and those which have been infected for 3 to 
8 months. 

The lower virus concentration in resistant sugar la^ets is a favorable 
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factor, reducing the rate of spread of curly-top infection among such varie¬ 
ties. 

In all groups Avhicli were studied the resistant sugar-beet test plants gave 
more striking evidence of differences in virus concentration tlian the sus- 
ceptbile test plants. This indicates the possibility of mass action as a factor 
related to infection (4). 

Division of SimAii Plant Investigations, 

U. S. Department of AaRiCT:^LTrRE. 
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MASS ACTION AS A FACTOR IN CURLY-TOP-VIRUS 
INFECTION OP SUGAR BEET 

N. J. Giddingsi 

for publication July 18, 1045) 

INTKObUCTlON 

The term “nmss aetioii,” as vised in this article, is defined as the effect of 
the N'aryiij^ eoiieeiitrations of the reactiu<r inasses on infection whether the 
reactions involved are i-eversible or not. 

C^arsner and Lackey Cl) stated that the relation of mass action to curly- 
top infection lias lieeji shown : “(1) hy varying’ the amount of inoculated 
virus hy (a) inoculations with contrastinj:* numbers of leafhoppers and (b) 
uneipial periods ol* (*xposnre; (2) by use of |)lants ditfering in susceptibility; 
(;i) by studies on th(‘ inmibation jieriod of the virus in the insect; and (4) 
l)y comjiarinji’ tln» minimal infeetiv(‘ doses of the virus in its virulent and 
attenuated eondition/' Tliey did not publish the data upon which these 
(‘ondusions wmv* based. 

S(‘vei*iu (10) says “Tin* relation of mass inoculation by ^’ronps of beet 
leafhofipers to (oirly-top ti’iuismission was demonstrated by varyinji’ the time 
of e.x|)osure of the insects on healthy beets.’’ Study of his data suj^^'ests the 
possibility that mass action mi^ht be an infection factor but the evidence is 
not conviiicim^'. 

Tliere are many impoi’tant variables wliieli reipiire consideration in the 
study of mass a(‘tion as related to curly-top infection. Extreme variation 
amoinj- indi\’idnal leafliojpiers as to efficiency in transmitting’ the curly-top 
vii’us, ihufit i'criiicusii Carsiic]* and Bennett, lias beim reported by Carsner 
and Stahl (4), Severin (1(1). Freitag (ht, and Bennett and Wallace (2). 

The us(* of (1 liferent curly-tO()-virus strains or of mixtures of strains 
might readily account for extreme variation in results. It is certain that 
no considtu'ation was given to strains in tin' earlier work, since their existence 
was not known at that time. 

(Comparisons l>e1ween the amounts of infection produced by leafhoppers 
that had betui led on two ditferent diseased plants might easily be misleading 
unh'ss dilferein'cs in virus strains or virus (‘oiicentrations in those diseased 
plants are consi(h*ivd (9). Giddings (7) has reported that leafhoppers fed 
for a. short time on diseased ])lants containing virus strain mixtures showed 
t‘xtr(‘me irregidarity in the strains that they transmitted and this is another 
souriH* of variability. 

While th(‘ conclusions reached in this paper are in general agreement 
with tliose of the earlier workers it is believed that the evidence presented 
herewith is such as to give those conclusions a far more substantial foun¬ 
dation. 

1 Senior Pntliologist, Division of Siignr Plnnt Tnve.stigations, Diiroaii of Plant Indus* 
try, Soils, and Agricnltiiral Engineering, Agricultural ]|(‘scarc‘h Administration, United 
States Department of Agricidturc. 
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TJie work reported in this paper Avas not undertaken for the purpose of 
learninj]^ tlie possible role of mass aetion as related to curly-top infection of 
sujiar beets, and the data submitted arc by-products of experiments dealing’ 
with Aurus (‘oncentratioii (9). A tabulation of results from a j^roup of curly- 
top-Adrus-concentration experiments was found to furnish such stronfj^ evi¬ 
dence of mass action as a factor in infection that all such experiments were 
checked for similar evidence. 

METHODS 

The data Avei'e secured from su^^ar-beet plants of the hij^hly resistant 
variety 68 and the vtuw sus(*eptible variety S.L. 842. The curly-top- 
Aurus strains involved Avere those ])reviously described (6) as strain 1 and 
strain 2. Tlie methods of feeding leaf hoppers on source plants and ol* imxni- 
lating and handling the test |>lants are described in detail elsewlicT'C (9). 
The periods of feeding on soiH*ce plants Avere 30 minutes, 1 hour, and 2, 3, 6, 
9, 15, and 24 hours. Each leafhoi>i>er then Avas allowed to Iced for a week 
upon the cotyledon of one test j>lant. 

If the experiments had betm stU uj) for the study of’ mass action tin- 
lengths of feeding period on infected (source'?plants might have bec^n somt‘ 
Avhat ditferent, tin* numbers of ])lanls and leafhoppers involved Avould liav<- 
been kept closely similar for ea(‘h fectling x)ei*iod and som(‘ othei* variables 
Avould luiA^e been avoided. Since th(‘ data available aj^peared entiia‘ly adc- 
((iiat(‘ to ])rove tlie im|)ortance of mass action, it was deemed unwise to con¬ 
duct further expei-iuients merely in an effort to ])rcscnt a clear picture for 
each of the feeding ])eriods mentioned. Therefore, the ilata from 30minute 
feedings Avere eonibined Avith those from 1 hour, those from 2 lioui's Avitli 
those from 3 Jjours, and those from (i hours Avith tbr>s(* from tt hours. In each 
case the longer period of feeding involved a much larg(*r niimbtu* of plants. 

EXUKIHAH:XTAL KE.SULTS 

It Avas Avell knoAvn from earlier Avork (6) that the j)ercentage of infection 
secured among inoculated beets of the resistant variiMy by (vither virus strain 
1 or strain 2 was normally less than the |)(‘rcentage of' inf(‘ctiou among plants 
of susceptibh' varieties. This is further indicated l>y the ri-sults given in 
table 1 for controls; that is, inoculations Avith leafliojrpers reared on sourct* 
plants. If such a difference in amount of infection secured under controlled 
conditions Avere due to some factor other than mass a(‘tion tlnm the relative 
percentages of jdants infected shoidd remain proportional avIhui the amount 
of inoculum carried by the leafho|)])er is greatly reduced, it is evident from 
tlie data in table 1 that such is not the casce The ratio of infections Avas 
1:1.1 among resistant and among susceptible plants when using single leaf- 
hoppers that had been reared on infected plants, whereas the ratio Avas 1: 2.9 
for those leafhopjiers that had been fed for one hour or less on an infected 
piaiit. The data for ca(4i of tlie succcssiAady shorter feeding iieriods shoAV 
a striking consistency in the change of ratio. 
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The relation between length of feeding tinie on source })lant and percent¬ 
age of infection Hinong inoculated plants (Table 1, columns 4 and 7) is also 
believed to be significant. The low ])ercentage of infecrtion secured from the 
short feeding periods might be partially exi)lained by the possibility that some 
of the leaflioj)i)ers liad failed to feed on tlie source plant, or had obtained 
onbv water from it during the l-hour or 3-hour feeding periods but this could 
hardly be an important factor in the longer feeding periods. Bennett (1) 
has shown that v(‘ry lew leafh()pi)ers survive more than two or three days at 
room temi)eratures if feeding is limited to parenchyma tissues or tap water, 
so it is reasonably certain that an ap})reciable quantity of tlie curly-top virus 
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’rii(‘ (Into in tliis tnl>ie uen* sulniiitted to the /• ti*st uliicli indicnttMi higlily signitl- 
cuiit (lilTei'enees lietweeii tlio infection pereentages. 

•' (‘oniltiiKMl (lat.'i for .‘>0 minutes umi 1 hour. 

(Vnnliinetl (lain fv»i' l! liours and d liours. 
iM’oinhined data for d liours and 9 hours. 

was i)i('ked ui> by every h^afliopper which fed 15 or 24 hours upon the source 
plant. During one week (d' reeding upon the test })lant it seems highly |)rol)- 
able that such a leat'hopper vta/tor woidd inject at least a few virus jiarticles 
into this j)lant and that the plant would Ipcconie infected if a small number 
of virus partich's could induce infeittion. Both susceptible and resistant test 
plants show suci'essively large increases in the percentage of plants infected 
l)y ]eafhop|)('i-s f(‘d for these* longer periods and for the controls (Tal)le 1). 
iiulieating that mass action must be a factor. 

DISCT^SSION AND SUMMAKY 

The data, presented in this ]>ai)er sliow veiy strong evidence that mass 
action is an important factor in the curly-top infection of either the resistant 
sugar-beet variety S.li. 6H or the susceptible variety S.L. 842. The reactions 
involved are initiated by the introduction of the curl>'-top virus into the 
plant. If the active mass of the vii*us introduced into tin* plant is sufficient 
to induc(' predominant reactions the final result is multiplication of the virus 
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ami (M)iise(iueijt intVi'tioii of tlio plant. A sinalJor active mass of vinis initi¬ 
ates the same reaetiojis as the larjier active mass but, because of the inade¬ 
quate amount, the degree of tlie reaction is so limited that the final result 
does not permit mnltiplication of the virus. According to this hypothesis, 
the amount of active mass of virus required to bring about infection would 
vary with different beet plants and especially witli tlifferent beet varieties 
be(*ause of the dilferences in the active mass of the specific reacting sub¬ 
stances in the |)lant. It would appear probable that the reactions involved 
in the case of ciirly-tip \’irns are similar to those which occur in many bac¬ 
terial and fungus infections in whi(*li mass action is a factor. 

If mass a(dion is a factor in the case of beet va»*ieties S.L. 68 ami S.L. 842, 
it is undoubtedly a tiudor for other becd vari(*ties and for other plant species. 

Evidence from field experiments on age of plants as a factor in resistance 
to curly to}) (8) gives sii})])ort to the mass action coni'cpt. It would seem 
that, as tlie j)]ants become older, there is an inci*eas(‘ in tlumi of the active 
mass with which the virus active mass must reaid befor(‘ virus multi])li('ation 
may take ])lace. 

The evidence that mass action is an imi)ortant factor in iidVidion shoidd 
give added stimulus to the effort to r(*diice Ihe amount of curly-toj> virus 
available in the vic/iuity of commendal fields of sugar beets or of otlier (‘rops 
which suffer from the mirly-toj) disease. The growing of curlydop-i’esistant 
beets and the elimination of weed ])lants which serve as virus i*(‘S(‘rvoirs can 
be of great value in decreasing the amount of virus availal)le to tlie insect 
vec'tor. This would result in a smaller relative mass of inoculum and a 
consequent less amount of curly-top infiMdion of be(‘ts and otlier crops in 
areas where this disease is })revalent. 

Division of Suoak I^i.ant 1n\ fstioations, 

U, 8. Dkpaktment of AoHicrLTrKE. 
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STRIPE SMUT (IJSTILAGO STRIAEFOKMIS), IN RELATION TO 
BLUEORASS IMPROVEMENT' 

J . G . L K A C II , c; . V . L O W T H E K , AND M A R Y A . E Y A N 
(Acc('pt(‘(l for publication August 1, 1945) 

In 11)40 the West Virginia Agrieiiltural Experiinent Station, in coopera¬ 
tion with tlie U. S. Regional Pastiin^ Research Laboratory, undei'took a pro¬ 
gram of bluegrass {1*0(1 prah nsis L.) improvement as fiart of a broader 
jirogram ol pasture iinpi*ovement. Among the objectives of the project w*ere 
studies of Viuaation within tlie sjiecies, the selection of types best adai)ted to 
specifii* systems of maiiageuKait, and the breeding of strains with desirable 
(‘haracters, including resistaiK'C to disease. Preliminary studies (10) al¬ 
ready r(‘i)ort(‘(l liave shoAvn that there was much variation among individual- 
|)lant selections of bluegrass when they were grown in a nursery for obser¬ 
vation. Mil(l(‘w, rust, smut, and several fungus leaf spots w’ere prevalent 
in tlie nurs(*ry, and dilTerences in resistance of individual plants to the vari¬ 
ous diseases were obvious. In the nursery where the grass was not kept 
(dipped som(‘ of these diseases a])p(‘ared to lie more })revalent than they are 
in most pastures. Further obsei'vation indicated that this w’as true for 
mild(‘W', rust, iind most leaf si)ots, but not for smut. Comparisons made of 
the jirevalenee of smut in th(‘ nursery and in pastures sIiowimI a close correla¬ 
tion between its juvsence in the nurs(*ry collections and its |)res(mce in the 
pastures from which the nursery eoll(‘ctions W(n*e made. 

Tlu‘ greater })i’(‘valence of rust, mildew, and leaf spots in tlie nursery as 
(‘onijiared to that in pasturt*s can be exiilained by the greater opportunity 
for building u}) inoculum on the umdipjied grass of the nursery than on the 
grazed grass (d* the jiastures. Because of the systemic nature of smut infec¬ 
tion, its develojuueut and spread are less dependent on unrestricted growdh 
of the |)lant than an* rust, niihhwv, and the leaf spots. On the other hand 
there is some I'cason to believe that developnumt of smut and its spread into 
innv tillers may be stiiiudated by cli]>})ing or grazing. These facts all lead 
to tln‘ conclusion tliat smut is jHitentially the most destructive disease of 
bluegrass in pastui’es. 

Pasture surveys made in West Virginia and in Pennsyhania have borne 
out this comdusion (10). No jiastures were found to be entirely free from 
smut, and by actual count of represtmtative (pimirats several pastures were 
f(»und in w hich mnn' than ‘Jel per (‘cnt of all bluegrass plants were affected. 
Large areas w ith more than oO jier cent iid'ection are not uncommon. In dry 
weatlier many of tlu'se ])lants die, resulting in poor pastures that otherwise 
would be (piite productive. It is obvious that smut resistance must be given 
])rime consideration in any program of l)luegrass improvement. It is proba¬ 
ble that in the mixed i)opulation found in a pasture many individual plants 

1 Puinislicd \vith the RVMOovnl of the Director of tlie West Virginia Agricultural 
Exporiiru'iit Station as JSciiMitilic Pa]>cr No. 340. In cocipcration with tlu* I’. 8. Eegional 
Pasture Ecscarch I/ilxiratorv, t^. 8. Pcpartnicnt of Agriculture. 
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are resistant, while others are very susceptible. Sliould a small number ot* 
apomietic lines b(? selected without regard to smut resistance and be intro¬ 
duced as improved strains, they might easily prove worthless in the presence 
of smut infection. 

Because of the prevalern'C and destructive nature of smut in present-day 
pastures and its still greater potential iinportance, a study of the disease was 
undertaken Avith particular reference to the probhan of testing strains of 
bluegrass for smut resistance. It is a recognized [irimuple that in breeding 
for resistance to a, disease a ti'chnicjue of producing infection approaching 
100 23er cent on susce'ptible varieties is necessary for satisfactory elimination 
of susceptible strains. Since bluegrass smut had not been extensively in¬ 
vestigated from this viewimint no satisfactory techni(|ue was available, 
although some inoculation cxiieriments had been rei)orted. 

LITERATURE REVIEW 

Usiilago siriacforhils (West.) Niessl is recognized as a (*omposite siiecics 
affecting many grasses. There is abundant evidence (3, 4, 5) that it is 
physiologi(‘ally specialized on the various ;::rass liosts, althougli the exact 
host range of each physiologic form has never been delermined. Davis (4) 
recognized four physioIogi(* forms (or ra('es) as follows: forma Phlvi on 
Phlcum praicnHc L.; forma, ms*/h//.s* on Agya:<iis palusfris Ilnds.; forma 
Poac-pratensis on Poa praiensl^ L., and forma P<ki( -(inuHac on Poa annud L. 
The stripe smut on orehai'd grass was given s])ecitie rank and named 
clinloniaiia. Fiseher (5) studied a rac(‘ of the smut afftH'ting sticcies of 
AgropyroUj Elynius, IlordriuHy and iSifanion and (i(‘signated it as foi’ina 
Hordei. 

While these diHereut pliysiologic races of the simit are mor'jdiologically 
and symptomatieally similar tliey a|)pear to differ not only in tlieii* |)arasiiir 
specificity, but also in methods of ch.lamydospoi'c gcriiiination, method^ nf 
infection, and in cultural (djaracteristics. Davis (2, 4) working with sjuu'Cs 
from smutted timothy, red top, bluegrass, ami orchard grass eonclmh'd that 
they would not germinate until tlnw had passed tlirougli a la^sting [KU-iod of 
about 240 days. He stated that tlie ty])e of gcrmiiiation was tin* same for 
sjiores from all four host |)laiits. ‘‘The promyedia Averc at lirst uni('(41ular 
and multinucleate, but under certain eoudilioiis becam(‘ multicellular Avith 
four to hve lateral sporidia; Jiowever, oc(?asioually only one lateral sporidiniii 
formed on the sides. The graiiular j»rotoj)lasm assembled in Die tips of uni¬ 
cellular x>i*oniycelia, Avhich sometimes formed lateral s2)oridia. Sc('oudary 
spores or.buds were usually formed from eonidia, primary sporidia, tips of 
I)romycelia and other buds. . . . Lateral s])oridia sometimes fused and 
formed eonidia which developed buds and myeelial threads.” Davis was 
unable to culture the fungus in decoctions, agars, and other media. 

Fischer (5), on the other liand, found no after-riiiening xieriod n(‘C(‘ssary 
for germination of eh lam yd os pores of forma llordei. The ]>roeess of germi¬ 
nation also differed from that described by Davis. Tavo or three thick germ 
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tubes emerj^ed from each spore. These develox^ed into branched septate pro- 
mycelia from which typical elliptical sporidia were budded in profusion. 
The sporidia g:rew and develoi)ed into large sporidial colonies on nutrient 
agar. This was the first record of tlie cultivation of Usiilago striaeformh on 
artificial media. The sj)oridia were found to be unisexual and fusions oc¬ 
curred when sporidia of opposite sex were mixed together on nutrient agar. 
Long, vigorous aerial infection hyphae arose from each fused i)air of 
sporidia. 

Kreitlow (G), workiiig with forma Agrosiidis^ found that fresli clilamy- 
dospores usually did not germinate, although one collection of spores g<‘rmi- 
iiated without, a rest period. Later (7) he was able to break the rest period 
of spores from Poa jiraimsis by subjecting them to a temperature of 35^' C. 
in a moist chamber for 25 or 30 days. Spores of forma Agrostidis, according 
to Kreitlow, germinated by forming a single branelied or unbranched ])ro- 
mycelium 20 to 50 mi('rons in length. No s])oridia were observed, although 
lateral branches resend)!ing sporidia were observed on some rapidly grooving 
]u*omycelia. The method of germination of the chlamydospor(*s from blue- 
grass was not d(»scril)ed. 

Ki'eitlow (G) found that g(*rminating chlamydospores of forma Agrosii- 
(//>*, when transfei-reil to agar, grew readily, but formed strictly mycelial 
coloni(‘s ill contrast to the sporidial growth obtained by Fischer (5) with 
forma Jhrrdd. 

l)a\is (2, 4), after <‘xt('nsivo inoculation ex])erinients with the smut on 
sev(‘ral ditfereiit liosts, concluded that infection occurred in the seedling 
s1agt‘, ])eiu‘ti‘atiou taking place through the coleoptile. Efforts to inoculate 
other tissu<‘s (»f growing jdauts were uiisuccessful. Floral infection was not 
obraiin*d ami tlnu'e was no evidence that the smut was seed borne. Fischer 
(5). on tlu^ (Uli(‘r band, found that seed taken from smut-infected plants of 
sliMubu- wboat grass jn’oduced only smutted plants, indieating that, on tliis 
host at least, tlu* fungus is seed-borne. 

Surli wide variation in the behavior of the smut, as re])Oiied on various 
hosts by dilferent investigators, would make it unwise to generalize too much 
about the life history of J\stilago striacfonnis. Since the smut has been 
studied less ext(*usiv“l\’ on bluegrass tliaii on almost any other host plant, 
a tliorougli investigation of its life history on this host seemed necessary as 
a basis for working out any ])raetieal method of artificial inoculation. 

EXI u*:lu :m EN ta e kese lts 

PhJd))\ifd(>si)oy( oud (1 ul1yc on Ai'ftjlcuil J/cdu? 

IMic work rei)orted here deals primarily with a study of the fungus in 
artifi(‘ia] culture arid witli inoculation experiments in the greenhouse. Ab- 
^tratds of certain asp(*cts of the woi'k have been published ( 8, 9). 

Life-liistoi*y studies wvvv started with atteiiiiits to germinate the chlamy- 
rlospores. Spores from infected |>lants growing in tEe nursery were col- 
(ertt‘d in late summer and attem])ts were made to germinate them in distilled 
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water and various nutrient solutions, as well as in and on the surface of plain 
and nutrient agar. Very few spores (never as nuieh as 1 per cent) gormi- 



Fio. 1. Chhunydosporcs of riarformisi goriniiiritiiig in 2 por c.ont mnlt extnu’t. 
The proniYCelium is ii)d(*t(Mniinat<*, the germ tube is braiietuMl, ami sporidia are lacking. 
X 640. A, tspores from bluegrass; 15, spon^s prodneed in artificial cnitnre. 

nated under any of the conditions provided and theri^ were no significant 
differences between the amounts of germination on the various media vised. 
On the assumption that failure of the spores to germinate was caused by an 
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acquired dormancy, atteiiif)ts were made to germinate young spores taken 
fi-om unruptured pustules. This was done on the theory that dormancy 
miglit he induced by some change in the permeability of the spore wall after 
exj^osure to the air. Fresh leaves showing early stages of infection were 
taken from greenhouse plants and surface sterilized in a mercuric chloride 
solution, (1 lOOO), and then washed in sterile distilled water. Sections of 
the leaf were cut aseptieally through a young unruptured smut pustule. 
Th(»se leaf sections were placcMl in the bottom of a sterile Petri dish in a drop 
of sterile distilled water and cut into numerous small segments with a sterile 
scalj>el. A tube of inelt(‘d agar was th(‘n poured over the segments and the 
plate incubated at room temperature. Microscopic examination showed that 
numerous chlaniydosj)ores had been released from the i)ustules and were 
distributed throughout the agar. These spores did not germinate much 
better than those used in previous studies, but the few that did germinate 
grew in the agar and (M>uld be j)ieked up aseptieally and transferred to tubes 
of agar for further growth, 

Tlie chlamy(los])ores germinated by forming one, or o('casionally two or 
thi*(‘e, sini])le or branched germ tvd)es with no sporidia. In distilled water 
the germ tubes are usually unbranched or sparsely branched, but in agar 
or in nutrient solidious the tubes branched profusely (Fig. 1, A) and grew 
iido ehai’actm'istic colonies. Typical promycelia and sporidia have not been 
observed. 

Even thougli oidy a few chlamytlospores germinated, numerous small 
I'ungus coloni(*s apiieared in tlie agar near and adjai'ent to the smut pustules 
(Fig. 2, C). Since th(»se iv.sembled the colonies arising from germinating 
(‘hlaniydos])ores tliey weri* objects of iiderest. Further study showed that 
these colonies arosi* from fragments of smut mycelium from the leaf tissue 
adjacent to smut sori. Numerous colonies Avere picked out of the agar and 
subcultui’ed on agar where they grew slowly into small white bead-like 
<M)ionies when crowded (Fig. d, E) or into larger colonies with a character¬ 
istic convolute surface when isolated (Fig. A). AVhen the colonies were 
(‘xamined microsco])iiMlly most of them were found to be (*omposed of a 
mycelium that broke up readily into short, sporidia-like fragments. These 
sporidia-like bodies, unlike most smut sporidia, do not multiply by budding; 
but (‘ach fragmeid, by apical growth, may form more fragmenting mycelium 
(Fig. 2, 1), E). On sulxudturing these fragments an occasional, typical, 
mycelial colony appeared. The mycelial colonies formed a tough, velvety 
mat and the hyphae showed no signs of fragmentation. The two types of 
colony could usually be detected in very early stages of growth by micro- 
S(‘opic examination. The young fragmenting colonies tended to be compact 
and the individual hyphae were characteristically curved and twisted, Avhile 
the mycelial colonies wei-e more spreading with straight hyplial branches 
(Fig. 2, A, B). Older colonies of the two types are shown in figure 8, A-D. 

On subculturing the two types of colonies there was a tendency of the 
fragmenting colonies to dissoi'iate and produ(*e the t A pical inA celial colonies, 
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Fig. 2. Yoinig colonios of IJ. ,sfriarformis: A, type; B, tnycclial tvp*- 

0, fra^rtncnting ty[>o ori^jiiiatia^r from mycelial fragments freed from imimiture pustules 
of smut plated on potato-d<‘:rtros(‘ agar. I) and F, myeelial fraginents of which a frag¬ 
menting colon^y is composed. A through I), X 12n. K, x odO. 
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I'uj. 1). view of <'olonios of V. f<lri(i( fonnis. A, fr:i^niontin^ fMH' in 

wliicli tile niyc'olimn l)i(;iks iij» into sliort sporidia-liko fra^inorits. i>, niycolial type in 
wliicli thon‘ is lit) frMjjnM’ntation of myeoliimi. <_\ u frajjiiicntiiij; oolony that has produced 
a. njyrolial soetor. Ih a inycolial j-olony to fojan rljlaniydosporcs in localized 

areas. A tJiroumh 1>, ^ianl colonies, nalnral size. K, small white bead like fragmenting 
<-oloni«‘s arising from mye<*lial fragments isolat<Ml from immature smut pustules. Natural 
size. K, black masses of ehlamy<l(Jspores formed on the surface of an agar plate seeded 
with mycelial fragments from a fragnumting colony. The culture in early stages formed 
Avliite Ix'ad like fragimuiting colonit's as in H. In spore formation practically all of the 
mycelial fragments .are tiansformed into chlamydosjmres. Slightly enlarged. 
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either as sectors (Fig*. 3, C) or as individual colonies from separation plates. 
Both types of (*oIony j^rew very slowly when first isolated, but after several 
subcultures there was an aj)i)reciabJe increase in tlie rate of j»'rowth as if the 
fungus had adapted itself to growing in artificial media. 

After several subcultures on potato-dextrose agar some of the cultures 
of the fragmenting type changed from the usual glistening white to intense 
black (Fig. 3, F). On microscopic examination it was found that clilamy- 
dospores were being produced in abundance. The spores were similar to 
those formed on the ho.st i)lant, but some of them were not ty])ical in all 
respects. Chlamydospores produced in culture tended to be slightly larger 
than those produced on the host idant and the echinulations, although pres¬ 
ent, were not so clearly defined. Also there was usually a number of abnor¬ 
mally shaped spores; many of them tended to be more oblong than normal 
and many were lemon-shaped with characteristic pointed ends ( Fig. 4). 



Fig. 4. Cbljiiiiydoapores of U. Htriavformis: A, produced on potntij dextrose ngor; 
T>, produced on bliicgr;iH.M. x 500. 

Sporulation at first occurred only in fragmenting colonies, but later cer¬ 
tain typical mycelial colonies began to form chlamydospores (Fig. 3, D). 
Also certain isolates tended to form spores, while otliers s(‘emed unable to do 
so. However, many of the apparent ‘‘nonspondating’’ eultur(*s suddenly 
began to si)orulate after numerous subcultures had failed to form sjiores. 

At first it appeared that the chlamydo.spores formed in culture would not 
germinate, but while the work was in progress Kreitlow (7) reported his 
success in inducing germination by subjecting the chlamydospores to a tem¬ 
perature of 35"" C. in a moist chamber. When this method was tried on 
-chlamydospores produ(*,ed in culture they germinated as well as those pro¬ 
duced on the host plant, and no difference in the methods of gerinination was 
observed (Fig. 1, B). Ijater some lots of spores from culture germinated 
fairly well without treatment, ranging from 5 to 50 i)er cent in dilferent 
trials. 
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The sij»’nifieaiiee of the various types of j^rowth on artifl(*ial media has not 
been fully determined. Cytol()»ieal studies are under way and the results 
will be published in another paper. 

Tnoculat km Experiments 

While the fun|;us was bein^ studied in eulture, inoeulation experiments 
were being made in the greenhouse. Inasmuch as the experience of other 
workers had ijidicated seedling infection to be the general rule for this smut, 
seed inoculation was the first method tried. Fresh chlamydospores obtained 
from the field in late summer were used. At this time no means of inducing 
a high percentage of spore germination was known and the spores \ised 
germinated less than 1 j)er cent in distilled water. Several methods of seed 
inoculation were tried. One lot of seed w^as dusted with dry spores immedi¬ 
ately before i)lanting, another lot was soaked for two hours in a sns])ension 
of spores before planting. A third lot was soaked for two liours in a spore 
siis|)ension during whi<*h it was subjected })erio<lically to a moderate vacuum. 

7’ATiLI% 1.— li(suft.s (if ,s(i(l inor hUi turn of bluer;niati with fresh ehlamychsporeft of 
t'.'sti/ufio .striacformi.'i, abtaincd from infected grass 


Poreontagvof 

nucetion 

I>i'v siM>rcs (liiHtcd (»n sci'ds . 2 

SimmIs so;iU(‘(i 2 lir. iti .sjMirt* suspension . 0 

Seeds soaked 2 hr. in s[>ur«‘ susix'nsion with vaeiiuin treatment. o 

Dr.v se(*d. no inoeulation . 0 


Several liundred steeds of each lot wer(‘ planted in rows in greenhouse 
flats. Xo inleidion was ()t)served after six weeks^ growth, at which time 100 
plants of (‘a<‘h treatment Avere transplanted into separate flats for further 
observation. The ])lauts remained in these flats for about 5 months during 
w'hiidi time a few of them bt^came infected. The ])lants were then trans¬ 
planted into the field for further observation, but the percentage of infection 
did not increase. The results of one representative set of seed inoculations 
are given in table 1. This method of inoculation was not very effe(di\'e and, 
unless it can be greatly improved, it Avould be of no ])ractical value in the 
s(d(‘ction of r(*sistant types. The low percentage of infection obtained w’as 
assumed to be due to the failure of a sufficient numbei* of chlamydospores to 
germinate at the proper time for infection. 

Some time later, after the fungus had been isolated in pure culture on 
agar, a similar experiment Avas made (*omparing fresh chlamydos|)ores from 
grass Avith inoculum grown on agar. The latter inoculum Avas suspended in 
Avater in a small flask Avith glass beads. By shaking the flask the clumps of 
spores or my(H‘linin Avere se|)arated into a fairly uniform suspension. A 
similar sus]>ension of s|)ores Avas prepared from smutted bluegrass leaves. 
The two suspensions Avere then transfen-ed to the grass seeds in small vials 
in dup1i<‘ate. One set of seeds Avas alloAved to soak for tAvo hours and then 






66 


Phytopathology 


[VoL. 36 


the suspension was poured off and the seeds planted. The other set was 
placed in a vacuum for two hours during whicli time the vacuum was re¬ 
leased momentarily four times. Two lots of seeds were given the same treat¬ 
ment without inoculum and used as checks. The eight lots of seeds were then 
planted in flats of gr<‘enhouse soil. One month after planting, 100 plants 
from ('ach treatment were transplanted into flats where they were kept under 
observation for six months. The results were almost entirely negative, only 
one of the 600 inoculated plants becoming infected, this being one from the 
lot of see'ds inoculated with mycelium fragments from an agar (uiltiire and 
the seed soaked 2 hours witli no vacuum. 

With the poor results obtained by seed inoculation it was necessary to try 
other methods. Inasmuch as chlamydospores formed in nature i)robably lie 
in the soil some time before germination it was decided to try soil inoculation. 

On July 2 six lO-inch pots of soil were prepared. Two ])ots were thor¬ 
oughly drenched with a suspension of fresh smut spores. Two ])ots were 
drenched with a suspension of spores and mycelial fragments from a spoi’c- 
forming culture of smut grown on agar. The remaining two ])ots wert* not 
inoculated and were retained as (diecks. Ojiry pot of ea(‘h pair was planted 
immediately with bluegrass seed. All pots wen* imbedded in tlie soil in 
an outdoor cold frame where they remained until O(*tobei‘ 4 when tlu\v wt*re 
returned to the greenhouse. At this time the secomi pot of each |)air was 
planted with bluegrass. 

On October 8 the plants of the early planting were examined for infec¬ 
tion and all plants showing no infection were then transplanted to flats of 
clean soil for further observation. Tlnw were examined at frtMjuent inter¬ 
vals until the following June when the experiment was discoid iuued. When¬ 
ever an infected plant was found it was reconhnl and removed from tlu‘ pot. 
Ke(*.ords were kept on tlie .seeond [)laiitiiig until the following September. 
The results of this exiierimeiit are given in table 2. 

It is evident from the results of the.se experiments that a nimdi }iigh<*r 
jierceiitage of infeed ion was obtained by .soil inoeulatioii than by seed inocu¬ 
lation. The most infeedion was<»btained wlnm chlamydos]>ores from infectiMl 
plants were used as inoculum. Inoculum grown on agar was mncli less effec¬ 
tive, althougli some infection was obtained. It should be noted lliat infeedion 
Avas very slow' in developing and that it reepiired over 300 days for infertion 
to .show'on some jVlants. It is ind know'ji whether tins long time is due to a 
long iinuibation jx^riod within the plant, or wind her the fungus persisted in 
the soil as mycelinm or viable chlamydo.s[)ores and infected tln^ new tillers 
formed as the [dants grew. Since the jilants were transplanted into clean 
soil after 98 days it might be assumed that tliey were infc(ded before trans¬ 
planting, but as some soil was transferred with the |»lants some inocnlnm 
also could have been transferred. 

In an eft'ort to determine whether the fungus would persist in tin* soil 
and be capable of causing infection for an extended ]>eriod, pot No. 1 was 
rei>lanted witfiont further imx'idation on Ocdolier 8 when the original [ilants 
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Avere transplanted. The new plants were allowed to ^row until March 10 of 
the following: yeai’ when they were removed and those showing: no infection 
were transplanted into flats for further observation. On March 14 the pot 
was reseeded for the third time. The plants of the third crop were allowed 
to g:row until July 22 when they were removed. 

The infection occurring on these plants seeded into the previously inocu- 
Jated soil was as follows: th(‘ first replant, or the second crop of plants, seeded 
98 days after inoculation of the soil, x)roduced 17 infected plants out of a 
total of 71 i)lants, or 28.9 x)er cent after 229 days. The second rei)lant seeded 

TABLE 2 .—The resnUs (tf soil inorvlalion with two kirifls of inoculum of V. striae- 
ft>rmis on blue (trass 


Pot No. Ino(‘uhiin aiul inoculation procedure 

Percentage of 
infection 

Days after 
planting 

1 Fresh spores from inf(*cte(i plants; seeded 

25.30 

98 

immediately 

54.80 

217 


OO.OO 

250 


77.40 

272 


87.00 

327 

2 Fresh spores from infected plant; .seeded 

5.70 

123 

months after soil inoculation 

27.00 

155 


33.30 

169 


52.00 

208 


60.00 

234 


62.80 

246 

.'1 Spores and niyc(*lium fnuu agar culture; 

5 or 6 iVlants out of 

98 

seeded iinmediatelv 

nearly 200 plants— 
exact percentage 
not determined 



No increase 

280 

4 S|K>res and luvceliuni from agar culture; 

3.00 

126 

se(‘ded M inontlis .after soil inocul.atioii 

9.10 

172 


9.10 

290 

T) ('heck, no inoculum ; planted immedi.atelv 

0.00 

240 

n ('heck, no inoculum; planted montiis 

0.65 

132 

after soil iiUMUilati**!! 

1 ]il;mt out of 152 



c.ti.A 

280 


2.’>6 days after iit^xMilatioii of the soil yielded 7 smutted j)lants out of 355 
])laiits, or aivproximately 2 ]>er I'Cnt after 100 days. 

It is evid(Mit fi-om tiiese results that the inoculum does persist in some 
form in the soil iimh*r gn'ciilumse conditions for as long as 256 days, although 
it decreases materially during this perioil. It is not jmssible to determine 
from this experiment whether the extremely long time required for the ap- 
pearanee of smut on some of tlie plants was due to the prolonged incubation 
period or whether infection occurred on oldei’ plants from soihborue inocu¬ 
lum. Further exi)eriments designed to answtu* this (piestion are under way. 

AVorlving Avitli VstUano sh‘ia< formis on timothy, Davis (2, 4) concluded 
that seedlings wer(‘ most susce|)tible Avhen coleoptiles Avere 1 to 10 milli¬ 
meters long. No infection was obtained by Davis after the coleo])tiles Avere 
more than 16 millimeters long. The smut of bluegrass apparently is not 
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limited to such a short period of infection. Evidence that infection takes 
place on older seedlings of bluegrass was obtained as a by-i)rodnct of an 
experiment designed to compare the effectiveness of different kinds of 
inoculum. 

Seven glass culture dishes of moist sandy soil were steam-sterilized. On 
February 14, 1944, one dish was inoculated with a suspension of chlamydo- 
spores from bluegrass. A second dish was inoculattHl with mycelial frag¬ 
ments from a nonsporeforming culture grown on agar. A third dish was 
inoculated with a suspension of clilainydospores from an agar culture. One 
week later a second set of dishes was inoculated in the same way and all six 
dishes, together with an uninoculated check, Avere planted with bluegrass 
seed. Three weeks after planting 100 .seedlings from each disli were trans- 
X)lanted to flats of soil where they were allowed to grow for six months, after 
which the experiment was discontinued. It is not necessary to tabulate the 
results of this ex})eriment for only two of the 700 trans])lanted plants be(*ame 
infected. These were from the dish iinaudated with spores from blu(‘grass 
one week before seeding. This ex})eriment was ])lann(*d on the assum])tion 
that, like the smut on timothy in the experiments of Davis (2, 4), infection 
would occur on the very young coleoptilesi'’ As a matter of curiosity one 
dish, namely the one inoculated with .spores from grass at time of planting, 
Avas siwed and the fdants Avere kept groAving in the inoculated soil. ()ji May 
31, a little more than 3 months after planting, the plants AV(‘rc (‘xainin(*d and 
15 out of 337 Avere found infected. The 322 remaitiing plants Averc trans- 
idanted to flats and kept under observation until January 12, 1945, during 
Avhich time a total of 78 or 23 j)cr cent became intecteil. These* results Avould 
indicate that the plants in the ex{)eriment Avere removed from the inoculated 
soil too early and that most of the infection ocmirred on ]>lants moi*(* than 
three Aveeks old. 

With this (widence that infection is not confined to \ ery young s('cdlings, 
it AA^as decided to try several other inetliods of inoculation. As a ju’eliminary 
experiment tAventy bluegrass plants growing in (dean soil Avere selected, (*a(di 
of Avliich had one or more young dcA'cloping tillers. These Avere Avashed and 
the roots and tillers Avere dipped momentarily in a suspension of ('hlamydo- 
spores from bluegrass, after which they Avere transplanted into 4-in<'h pots 
of clean .soil and frequently obserA^ed, so that infe(d(‘d plants Avere obstu-ved 
as soon as symy)t()ms appeared. The records of this imxudation ex])erinient 
are as folloAvs: 


ion days 

after inoeulation, 

o 

idaiits inft'cte 

d : 10 })er (*ent 

109 

do 


do 

15 per cent 

121 

do 

4 

do 

: 20 j>er cent 

101 

do 

5 

do 

- 25 ]K‘r eeiit 

191 

do 

8 

do 

” 40 per cent 

195 

do 

11 

do 

r- 55 ])er eent 

227 

do 

12 

do 

::: 00 ])er (*0111 


These results Avould indicate that infection is not confined to very young 
seedlings and that parts of older plants, probablA* young tillers, may bet'ome 
infected readily. 
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If infection is not limited to young seedlings it seemed possible that 
iuoeuluiu injected into growing plants at or near the growing point might 
j)rove effective. A(M‘ordingly, 25 vigorously growing seedlings were inocu¬ 
lated by injecting a suspension of fresh chlamydospores through the sheaths 
at the base of the steni n(‘ar the growing point. This operation was per- 



FfO. Ti. Ttu* tnothod iisod in ino(‘ul:»tinjr l»liu*|rraHs plants by injcifting, with a hypo- 
th'rmic iummIN*, a siisponsioii (»f siiuit sjkhtm. An clTort was made to place the spores as 
near as ]>ossilil(‘ to tlu' growing point witliout seriously injuring the plant. 

formed by removing the i>Iant from the soil and injecting the spore suspen¬ 
sion with a liypodermic n(‘edle as sliown in figure 5. The x)lants were then 
trans|)lanted into flats or ])Ots of soil and watered thoroughly. Infection 
was obtained as follows; 


■ iinKMilntioii, 

d ]djnits iiifci 

f*tod -- 24 ]u‘r 

cent 

<lo 

9 d(, 

- ;i(> |)(‘r 

eeiit 

do 

in do 

- 40 JKT 

L'Cllt 

do 

1‘J do 

n48 por 

cent 


This experiment showtMi that infeetion oc(*virs when chlamydospores are 
injected with a hypodennit* syringe into the stem of blnegrass ])lants. Al¬ 
though the avenue of infection is not known definitely, it is probable that 
the young leaf tissues at or near the growing point eonstitute the infection 
court. 

When it was found that a relatively high percentage of infection could be 
obtained by injecting s}>ores into tin* stems, similar inoculations were made 
using mycelium and chlamydospores from agar eiiltvires, but very poor 
results were obtained. At the time these experiments were made all at¬ 
tempts to germinate the spores ])roduced in agar eiiltures liad failed. 

In the meantime iiioculalion experiments have been devoted to improving 
the effectiveness of the hypodermic-needle method. Tliis method has much 
]>r()mise in the development of a practical means of eliminating susceptible 
strains of blnegrass and identifying the resistant ones. If we were depen¬ 
dent 111)011 seed inoculation, resistant strains could not be identified without 
some metliod of inoculation that would give practically 100 per cent infection 
on susceptible types. Otherwise, escapes could not be tested until seeds were 
produ(*ed and results of second generation tests would be complicated by 
genetic variations. With a method of inoculating relatively mature plants 
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there is no need of resorting; to a seeond generation of j)lants from seeds. 
Bliiegrass is easily propagated vegetatively and by ino(?ulatioii with a Jiypo- 
dermie needle a single clone may be inoculated over and over again until its 
resistance or susceptibility is definitely determined. 

As a trial demonstration of the practical use of this method of progressive 
elimination of susceptible plants 50 seedlings about 2 months old were inocu¬ 
lated with the hypodermics needle using a suspension of fresh spores from 
grass. Some of the plants were rather small and were injured during the 
inoculation and only 36 survived. Of these, 10 i)lants became infected as 
follows : 

34 days after inoculation, 5 plants infected - 13.9 per cent 
37 do 8 do = 22.2 per cent 

39 do 9 do = 25.0 per cent 

77 do 10 do ~ 27.7 per cent 

By this time the plants had formed new tillers so 78 days after the origi¬ 
nal inoculation the 26 noninfectc^d plants were divided into 3 to 5 separate 
plants and each plant was reinoculated with the hypodermic !U*edle as before. 
Whenever one or more plants from a clone were* found infected the entirt' 
clone was considered susceptible and discanled. Considering each clone as 
a plant the results of the second inoculation are given on a (Mimulative l)asis 
as follows: 

21 days after second inoculation, 12 )>lants infected 33.3 per cent 


24 

do 

14 

do 

39.0 per cent 

26 

do 

15 

do 

--41.1 percent 

29 

do 

16 

do 

rr 44.4 per cent 

37 

do 

20 

do 

55.5 per cent 

58 

do 

2(» 

do 

55.5 |>er cent 


Tlie remaining 16 plants were again divided into clones of 6 to 10 indi¬ 
vidual plants and reinoculated Avith spores from grass that had been ineii- 
bated for three weeks at 35^' C. in a moist chamber. Tests showed about 5 
per cent germination in water. Within 44 days after the third inoculation 
12 more clones liad been eliminated, leaving only 4 clones not iiift‘cted. 
Tliree weeks later the remaining four clones were itioeulated with fresh 
spores from grass. Three of these were eliminated within 43 days, leaving 
only one clone. This Avas divided into 18 plants and inoeulated. 

No infection developed in 70 days, so 18 jAlants were reinocnlated and oin* 
plant developed smut after 50 days, making 100 per cent infection, tlnis 
eliminating them all as susceptible aft(‘r a total interval (vf one year nwd 
6 days. 

This method oi inoculation may sc(*m too sIoav to be j)ractieal, but it is 
bellcA^ed that, Avith further study, it eau be spcMMled up considerably. Most 
of these iiiocnlations w(*re made Avith cldamydosj)()r(\s luiAung Ioav germina¬ 
tion per(*(*ntages (none more’ than o ])er eent). Some success in inereasing 
the percentage of germination of spores used for inoculation has b<*c‘n ol»- 
tained by usiiig Kreitl()w's (7) heat treatment, but j-esults liave been erratic. 
M ith further trials using spores with better germiiiating reeords the per¬ 
centages of infeetion from a single set of inoculations slioiild be inereased. 
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In many of the ex])eriinents reported the grass grew very slowly and the 
slow growth may have eontribiited to the long incubation period. Although 
the incubation periods have been discouragingly long, they are, as a rule, 
shorter following hypodermic-needle inoculation than after any other 
method. The shortest inevdjation period recorded is 13 days following hypo¬ 
dermic-needle inoculation, while the shortest for seed or soil inoculation is 
36 days. 

When routine inoculation tests are made and when the only consideration 
is the elimination of suseej)tible clones, it should be possible to combine hypo¬ 
dermic-needle iiKX'ulation with soil inoculation and shorten the time interval 
considerably. 

The for(‘going exi)eriments do not constitute all of the inoculation tests 
that have been made, but they are considered representative of the results 
obtained to date. Some inoculation tests have, for no explainable reason, 
failed to produ<*e any infe(*tion, but, with further practice and experience, 
results become consist(Mitly more successful. Thus, in an experiment started 
on May 17, 1944, in which 148 jdants were inoculated with the hyj)odermic 
needle using frt'sh st)ores from grass, 48.6 ])er cent of the plants became 
infected by January 12, 1945, as a result of the original inoculation. This 
is considered to be a fair average of success with the hypodermic-needle 
method alone. 

Further experiments are under way with the aim of perfecting the 
method for ])ractieal use as well as to learn more about the methods of infec¬ 
tion and lif(‘ history of the fungus in nature. 

DISCUSSION 

( .stiliKjo stri(n fovntis on bluegrass differs in many respects from that on 
other grasses as described by Davis, Fischer, and others. The formation of 
typical ehlamydosj>()res on artificial media has not been reported previously 
for tliis organism, ami is not common in otlun* smut fungi, although Wang 
(11) has describ(‘d a similai- jihenomenon for rsfilago crameri Keke. Be- 
v-ause of this al)ility of the fungus to complet<* its entire life history on arti- 
tieial media it lends itself well to eytological and genetic studies. Prelimi¬ 
nary studies (d' tins nature are uinier way and will be reported later. 

The failure of the fungus to produee the usual type of sporidia and the 
oc(‘urr<‘uce of infection from soil-horm* inoculum long afttu- the seedling 
stage are in contrast to pi*evioiisly accepted cone<*pt8 of the life liistory of 
the sj)ecies. Its behavitu- in this respect is probably correlated with the 
growth habits of hinegrass. In nature the chlamydospon‘s most likely germi¬ 
nate in the soil, forming a myc'clium that is <‘a])ahle of infecting tlie young 
tillers, as well as young .scedling.s. 


summary 

1. rstildfio stri(H'f(frniis from bluegrass is readily cultivated on artificial 
media. (Milamyrlospores are formed on agar in great almndance and, al- 
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tliougli some ol* them are sli<>htly abnormal in size and shape, they f^erminate 
normally, produeinj? ('ultiires indistin‘^uishabh‘ from those arising from 
spores prodneed on blnej^rass. 

2. Chlamydospores ‘germinate by forming one or more branched germ- 
tubes that grow into a mycelium on nutrient agar. Two types of colonies 
occur; one that breaks up into sporidia-like fragments, and one tliat is tyt)i- 
cally mycelial. Both types of growth may produce chlamydosj>ores, but 
certain cultures of eaeli growth type have not sporulated. 

3. Conventional methods of seed inoculation resulted in low percentages 
of infection. Relatively good infection was obtained by soil inoculation and 
by injecting (dilamydospores Avith a hypodermic n(‘edl(* into the stem m'ar 
the growing point. 

4. Infection from the soil is not confined to the young ('ol<‘Of)tile, but may 
occur on older plants, probably through young tillers. 

5. The praiiticability of inoculating vegetatively propagated clones of 
bluegrass has been demonstrated. It appears to be a promising means of 
eliminating susceptible clones and identifying resistant ones in a i)rogram of 
selecting or breeding smut-resistant straim,’ of bluegrass. 

West Virotnia AriUicrLTURAL Experiment Station, 

Moroantow^n, West Viroinia. 
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TATTER LEAF OF SWEET CHERRY^ 

R . 8 . W J L L 1 S 0 N AND G . IT . Ti E U K E L E Y 

(Accepted f(»r publication August 13, 1945) 

In ini(l-Jvm(‘, 1940, a^l^'i(^e was minested in (‘.onneetion with abnormalities 
in sweet elierry fruits, purported to be of the Black Tartarian variety, in an 
orchard near Niagara Falls, Ontario. On inspection, the fruit was found 
to be slightly sinaller than normal and appeared to be ripening prematurely. 
The fruit surface was somewhat roughened with shallow pitting, in many 
<*ases centered around tiny bhndv specks. The foliage showed considerable 
interveinal pallor. Tliis (condition, which has frecpiently been observed on 
cherry leaves in the spring and whicli is usually outgrown as the leaves 
matur(‘, is regarded as being induced by growtli factors at present obscure. 
In addition to tliis ‘‘growth mottle/' however, the trees in (juestion showed 
a faint blotcliing ami «-lilor()ti(' flecking suggestive of a mild virosis. Exami¬ 
nation of fruits and l(*av(‘s tailed to disclose bacterial or fungal parasites 
that might ae(‘ount for the disease. The following season, symptoms on 
trees in this orchard ranged from traces of mottling alone to mottling accom¬ 
panied by mon‘ or less laceration. 

i’KEU.Ml.VAHV TI^STS OK TK.^NSMISSnULITY 

III June, 194(1, small pieces of bark from the small(*r branches of one of 
the affected trees w(‘re ])atch-grafted on tlie trunk of a two-year Elberta 
peach tree and on two suckers of a thirteen-year-old Black Tartarian tree in 
the laboratory orchard. Th(‘ inoculat(‘d cherry tree, in 1941, put out dwarfed 
slioots and small, ruflled h'aves u[) and down the main branch bearing the 
inoculated shoots and on the adjacent side of tlie next main branch. The 
nmiainder of tlie tree was normal in a|>pearance throughout the 1941 grow¬ 
ing season Alfect<‘d leav(*s w<tc marked intcrveinally with brown flecks, 
rings, lines, and streaks wlii<di soon drojiped out, leaving a lacy network of 
tissue vt*ry often in^olving almost the whole leaf. Most of the lacerated 
leav(*s were retained throughout the .summer, though tlie effects of the disease 
grmlually bei'amc oliscured by tli(» develo])ment of new leaves, almost normal 
in size and either without markings or witli faint patterns of the banded or 
outlin(‘ “oak-h‘af'’ type. A similar sequence of ewents has taken place in 
tliis tre(* in tin' growing seasons of 1942. 1942, and 1944. By 1942, the dis- 
ea.se had spread through most of the iiioculated tree, and in 1943 and 1944, 
there were iiulii-ations that its efl'ects wt're gradually decreasing in severity. 
The fruit symjdoms noted on the original tree have not been observed on the 
inomilati'd one and may not have been caused by this disease. 

Further (‘viflence that the disease is graft-transmissible, and thus of virus 
origin, was obtained from the young inoculated Elberta tree, many leaves 

I Contrihutiou No. H\H fn»m tlic Division of Botany and Plant Pathology, Science 
Service, Department of Agricnituro, Ottawa, ( anada. 
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of which were marked with small rin^s and chlorotic and necrotic spots early 
ill May, 1941. These symi)toms, whicdi were the oidy ones apparent in the 
first season after inoculation, did not occur in P142 and sid)se(|uent years, 
when a variety of otlier symptoms appeared later in the season on a number 
of leaves scattered through the tree. These included faint but definite 
mosaic and oak-leaf patterns (^Pi^. 1, D), rings, and a curious premature 
aging of the upper leaf surfat^e (Fig. 1, C) which appeared as if covered 
with a very thin, finely checked, dull, dirty yellow encrustation. 

Since 1940, the disease, for which the name “tatter leaf (11) seems to 
be appro])riate, lias been seen in several orchards in the Niagara Peninsula. 
Hildebrand and Palmiter (11) have observed (*ases of tattei* leaf on sweet 
cherries in New York State. A similar condition, called “lace leaf” and 
considered to be distinct fi*om clierry mottle leaf, has been reported from 
Washington State by Peeves (9) on the variidies JVing, Na])oleon, and 
Deacon. Cochran (4, 5) also i*ecords lace leaf on sweet (‘hm-ry following 
inoculation witli a ring spot of |)ea<4i. 

THE DIFFEKENTIAL IMIST HANdK 

/ 

After the preliminary (h‘monstratiou that tatter leaf’ was graf't-traus- 
missibi(‘, the virus was transferrt‘d by budding, in 1941 and 1942, to the 
several varieties of tlie genus Pninns com|)rising the I’ange of the differential 
hosts used in studying the virus dis(*as<‘s of stone fraiits i 12 ) narm‘ly ; Prunns 
d<mi(stic(i var. Italian prune, (Jmunan prune. Lomhard, and lieine Claude; 
P. salicina var. Abundance; P. ptrsira var. Hoeln^ster, Klberta, and seed¬ 
lings; P. avium var. Naiioleon (Koyal Anne), King, IMaek Tartarian, and 
seedling; P. (‘(vusuh var. Montm(»ren<*y; !*. crvasift ra^ M\ r()l)alan Netsilings; 
and P. rualialeh, seedlings. Throughout the exp(‘riinents. the Illack 1'ar- 
tariau tree inoculated in 1{)4{) was the soun'c of the diseased Inids us(*d in 
making i n o c u I a t ions. 

METHODS 

The transfer of the virus to the j*espe('tive diflVrcmtial hosts was etfectrd 
in two ways: by tin* doubl(*-lmdding t<*(‘lini(pn‘ (12) and directly to nursery 
stock or to orchard trees. In d<)uble-bud<ling, a l)ud from tin* diseased tre<* 
and otie from the desired host variety were inserted on <*ach of thrt‘e stock 
plants, usually i)eacli or Myrobahni .seedlings, wfiicli wei*c ent lan'k to tin* 
ui)per grafted biid the following spring. 1'his method lias the advantage 
over direct inoculation of nursery stock of permitting tin* use of <linVrential 
vari(‘lies of (*lonal origin, (»ach index(*d on jieach, concurr(*ntly with inocula¬ 
tion, to ascertain its freedom from virus infection. The varietal elons, on 
whieli symptoms are des(*ril)ed below and wlii(*h were used in dotdde-binlding, 
Avere healthy unless oth<*rwi.se sjieeified. The nnrs(*ry slo(*k may or may not 
have been bealtliy, as it Avas not indexed be(*ans(* of hrek of ind(‘xing stock, 
but it appeared to be normal tbrongiiout the summer of 1942 l)(*fore inoeu- 
bition. 
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VARIETAL REACTIONS 

On Italian prune. —In the donble-biuidinjr experiment on peaeh stock in 
1941, transmission was indi(*ate(i by symj)toms on the jieaeh foliage. The 
prune, howevc^r, showed only a faint mottle on a few leaves in the three 
subsequent seasons. 

On tile nursery stock, an indistinct mottle was observed on leaves near 
the point of inoculation in the first year, but not in the second. 

On German prune. —Only the double-budding technicpie was used with 
Oerman jirune. IMie ])ea(4i sto('k indicated a positive transfer of the tatter- 
leaf virus, but th(‘ iirune remained symptomless for three seasons after 
inoculation. 

On Lombard plum. —On nur.sery stock, the diseased cherry buds estab¬ 
lished union with the Lomhanl, but the only s.ymptoms observed on the plum 
were some faint irregular pale markings (Fig. 2, G) or slight necrotic 
spotting and shotholing on a few leaves in the first season. The next year, 
very few faint pattei-ns aiqieared. 

On Heine Glaude plun\. —Definite synqitoms occurred on the peach stock 
double-budded with Beine Glaude plum ami tatter-leaf cherry in 1941, but 
tin* oul\' indii'ation of infe«*tion on the plum was a very faint mottle, some¬ 
times ai)|u*oaeliing the oak-leaf type of pattern, and appearing anmially in 
early summer. 

On Ahundanei pi ton.- After double-budding on Myrobalan stock in 1942, 
Abundance shoots gi-ew vigoi*ously, but, like the varieties of P. domesfiea, 
were not much afTeete<] by the vii'us. In the two years since inoculation, 
some mid-season leav(‘s were jeud'orated with a few scattered ])inholes. a 
f(‘ature not ob.serv(*d on Abumlance in other serit‘.s. According to the results 
tjf indexing on jicach, the Almiulance clou, though apparently syiiqitomless. 
was carrying a virus of the ]>each-yellows~little-peacb grou]>. 

On Htndff shr /nach. Imxndation of ibis variet\ was mad<' in 1942 on 
nursery stof'k only. At the beginning of the 1948 growing season, slight 
su]>ei-ti<Mal Inirk necrosis was obs(‘rved near the inserted buds, and some 
leaves were d(‘(initely marked with small confluent rings, either dark green 
with pale centers (Fig. 1, A) or pale green with dark centers (Fig. 1, B), 
and mostly in tlie |)roximai three-(|uarters of the leaf lamina. On some 
leaves. tbi‘ rings were larger and more irregular, and on others, part of the 
surfa«*e was chlorotit* and dotted with small cinmlai* to oblong green islands. 
Tlu‘S(> patterns disap|»eai*ed later in the summer when, except for some lacer¬ 
ation of older leaves, otli(*r .symiitoms wen* wanting. In 1944, none of the 
early se.saon symi>toms appeared, but the foliage was somewhat dull and a 
few leasts wer(‘ mark(‘d with the mid-s(‘a.sou symptoms described on Elberta. 
The first <'rop of fruit, in 1944, was only slightly reduced, if at all. 

On Elheria peaeh and sndlin<i. —The reaedion of Elberta nursery stock 
to tatter leaf was similar to that (»f Hochester but somewhat le.ss pronounced, 
exccju for the hn-eration of older leaves, whicli was prcc^eded by the forma¬ 
tion of red-rimmed, fawn-t'olored, nei'rotic areas. 
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In the doubJe-biiddin^- experiment of 1941, on the other liand, the eharac- 
t(‘risti<* (^arly season symptoms were absent from the shoots both from the 
inserted Ii31berta bud and from tlie ciit-baek seedlings, but, as the leaves 
matured in the first season, their iipx)er surfaces became somewhat lusterless 
and in some instaiKies looked as though tliey had been lightl.y scoured with 
fine sand-paiier near the margins. By the end of July, there had appeared 
the typical faint mosaic (Fig. 1,1)j, the surface aging (Fig. 1, C), and other 
[patterns, wdiich did not occur on the larger trees until tlie second summer. 
Ill addition, a nnmbei’ of leaves on most trees in this series were lightly 
sprinkled with a tine, pei-sistent, red pin-spotting (Fig. 1, E). On the other 
hand, the lawn necroses and laceration of leaf tissue were w^anting. The 
t\ pical mid-season symi>toms were also observed on these plants in the second 
and third years after inomlation. Some variations in the degree of symp¬ 
tom expression were noted on different peach seedlings. 

(hi Black Tarfariaii r/n /*/•//.-On nursery stock, some of the early leaves 
on a few spin’s close to the insei*ted diseased buds were marked in the first 
season with tine brown lines ( Fig. 2, A), roughly ijarallel to the main veins 
and outlining areas whiidi later became necrotic (Fig. 2, B) and drojii^ed 
out to give tlie tN'j)i(*a1 lacy elfe(‘t (Fig. 2, C, D). On Black Tartarian, the 
lacerations win*(‘ interveinai and rarely if ever did they cross the main veins. 
Otinn* leaves on the same spurs were faintly mottled with yellowish green. 
By the beginning of the second season, symptoms of both sorts w'ere apparent 
on many leav(‘s over about lialf the tree. In both years, leaves formed after 
tlu' mid<l!e of June were syniptomless. On the wiiole, tattering w’as much 
h‘Ns s(‘vei*e on the nursery stock than (Ui the orchard tree inoculated in 1940. 

Lat(‘ in August, B)41. a Black Tartarian tree of tlie same age as tliat used 
ill the {indiininary tests was inoculated by bmidiiig on shoots near the base 
of a main braiudi. Typic-al brown line markings and tattering w’ere observed 
ill the si)ring of 1942 hut (Uily on the inoculated slioot. The disease did not 
spread comidetely through the tree until .1J144, when tatten'd leaves w’ere 
relatively few, eomiiared with those marked with a modified form of oak-leaf 
pattern. Tliese sym])tnms appeared on leaves scattered here and there all 
oV(‘r tlie tree. 

On Sapolron chernj. -T\\c only symptoms on Napoleon nursery stock in 
1943 wen‘ oliMU-vcd early in the season near the {loint of inoculation. A few 
leaxes were marked w ith small, pale green to chlorotic rings (Fig. 1, F), and 
some w ith larger, pale green rings oi* greeii-rimnied irregular pale areas (Pig. 
1, 0). Most of the patterns were faint and transient. A few necrotic spots, 
intervcnial necrotic streaks (Fig, 1, 11), and lacerations occuiTcd on some 
leaves, but the tattm'ing effect was less than on Black Tartarian. Some 
coarse, (dilorotie lines and rings appeannl in the second season over a larger 
area of the tree, but the iiecrotie markings and tattering were again ineon- 
sjiieuous. 

On Bine/ chrrrj/- A small braiicli of a large, bearing tree was inoculated 
in August, IfMl. The following spring, the first leaves to open on the inocii- 



1 IG. i. Symptoms of tatter leaf on sweet cherry (Black Tiirtarian and Bing), on 
sonr cherry (Montmorency), and on Plum (Lombard;! A-I). Stages in the development 
of tatterifig on Black Tartarian. E-F. Necrosis, tattering, and riiming in Bing. (1. Mild 
mottle on Jjomltard. 11-d. Ring and necrotic spotting on Montmorency. 
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lat(^d slioot (]is])la,>’e(l some mottliiif^ and fine brownish eteiiod lines (iiiiekly 
passinjr over into neei*oses 2, F) and laeeration fPiji’. 2, E), wliich, 

instead of bein^’ interveinai as in Black Tartarian, involved lar<jrer areas of 
the leaf surface and often extended across main veins. AtTected leaves 
tended to be ruffled and twisted (Fi<r. 2, E, F). No further symptoms 
appeared that season, but by the spring of 1943 tlie disease became evident 
on nearby braiudu's, and by 1944 had spread throughout the tree. Symp- 
tojus in the second and third seasons varied from riu'is, mild patterns of the 
oakdeaf type, and mosaic mottling^ to necrosis, laceration, and distortion. 

On a sweet eherry seedlhuj. —A seedling of Elkhorn parenta*?e was inocu¬ 
lated in tlie fall of 1941. Early in the next season, tlie seedling? was cut 
back and tlie early Jea\(‘s both of the seedlinp: and of tlie inserted diseased 
Black Tartarian shoot were mildly but definitely mottled, but the character¬ 
istic lacerations failed to avM>ear. In 1943 and 1944 a few leaves of both 
shoots were sli^ditly tatterfd, but the predominating symptom was again the 
mild mottling, in either a mosaic or an oak-leaf pattern. 

On Montmon ney ehi rry. —The first symptoms to appear on the foliage of 
Montmorency nursery sto('k in the s|)ring after inoculation were fine, trans¬ 
lucent to dark brown. t*tcli(*d i-iiigs in all sizes up to about two millimeters 
ill diamct<‘r (Fig, 2, II. J ). Tiie larger rings tended to be eomplete and 
regular, though rr<M(iieully in tangential contact (Fig. 2. I). On the other 
hand, tlie smaller on(‘s were often incomplete, cimfluent, and crowded to 
make a network trat'cry ( Fig. 2. H). Nnmerons fawn-colored and nsnally 
isolated necrotic* spots of various sha])es and sizes, delimited by line, red- 
bnnvn lines ( Fig. 2, 4), w(*re also juvsent very early in the season, both on 
ring-s[>ot h'aves and on others. Most of the necrotic areas dropped out, but 
the ring spots, for the most part, either remained iimdiaiiged or gradually 
faded out. »S\ inptoms w(*r(‘ pi'evalent on foliage above the inoculation point, 
but were few' below, Tiie h‘aves produced from mid-June on were symptom- 
h'ss, so tiiat, in late summer, tlie trees presented at first glance an almost 
healtliy apiiearauce, thougii, on closer c.xamiriatiou, symptoms eonld still be 
s(*en on the older lca\i*s. 

Tn tlie sei-(»nd y(*ar. a ditTcreut set of symptoms made their appearaiiee at 
tin* heginuing of the sca.son. consisting of sliiny lines and a trace of mottle 
on a few leaves, hut tliere was little or no neerotie spotting. Much of the 
foliage [)ut out up to tlie end of flune was eliaraeterized by uudulaiit mar¬ 
gins, soiiu* rugosity, and more or less twisting of the laminae. As the season 
})rogressed, the tunv leaves developed more normally, and tended to obscure 
tiie genera! symptom picture. 

On Myrohalan siedlinys. —Although the tis.sues of buds and stock bad 
united in ses eral instances, so that transmission w'as possible, no symptoms 
were obseiwed on ]\r\-rol)a]an seedlings in tw'o years after inoeulation. 

On Mahitleh si (dJinys. —The leaves of tin* two M'ahaleb seedlings on wdiieh 
union with the diseased bud liad taken place exhibited a very faint mottle 
early iii the first stvisoii and a variety of patterns, such as oak-leaf, coarse 
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lilies and ring’s, and fine (?onfluent rings, later in the suinnier. The latter 
s^ymptorns reappeared on only one of the seedlings in the second year. A 
third Mahaleb seedling, on ^vhieh the bud died shortly after insertion, re¬ 
mained symptomless both years. 


DISCUSSION 

Experience in recent years has shown that some |)liim and sweet cherry 
varieties and especially the sour cherry variety, Montmorency, can and fre¬ 
quently do carry virus without showing recognizable symptoms. Peaches, 
on the other hand, liave so far been found to be free from masked viruses in 
nature, though it has been show’ii experimentally that they can act as carriers 
of certain viruses after liaving “recovered’’ from the initial phase of the 
disease. This characteristic of certain varieties of (-arrying a virus symp¬ 
tomless has to be taken into account in all experiments with virus diseases of 
stone fruits, however, to date, there has been no positive evidence that a 
masked virosis in a carrier has modified to any great extent the sym]>toms 
indiK'cd by another virus transmitted to tliat liost. OmsiMiuently, sym|)toms 
manifested by a variety after, but not befoi’c, inoculation can be t'onsidered 
to be the result of that inoculation. 

The plum varieties tested so far, as well as the Myrobalan stock, have 
been little affected by tatter leaf. Any indications of transmission liave been 
so tantalizingly indefinite that transfers from inoculated })lum varieti(^s 
back to cherry and peach will have to be made i'ov (‘ontirmation. 

There were some apparent discrepancies in the symi^tom picdun* on 
peaches with regard both to the early and to tlie mid-season symi)toms. It 
should be noted that the rings and chlorotic markings, which, occurring only 
at the beginning of tbe first season after inoculation, may he regarded as the 
acute phase of the disease, cf. McKinney and Clayton (8), wt*re found on the 
nursery stock but not on tlic donhlc-hudded seedlings wliicli were cut back. 
It has also been observed, in connection with a num})er of otlier ston(*-rruit 
viruses undei* investigation, that the acute .symptoms which tluw normally 
induce on unpruned peach seedlings have been siip|>resst‘d by cutting the 
seedling back to the bud. There is no reason to believt* that the movement 
of the tatter-leaf virus in the liost differs (‘ssiuitially from tliat of other 
viruses whieh is ('oiisidered to be in the direction of tlie flow ol* tlu‘ main 
stream of elaborated foods (1, 2). Accordingly, after inoculation in the 
fall, the virus would tend to move out into the tissues in the iinniediate 
vicinity of the inserted hud and possibly below it, and to remain there until 
carried to the upper part of the tree v heii movement of tood materials and 
growth are resuined in the spring. Indeed, the distribution of symptoms in 
Montmorency suggests that little movement of tin* virus takes jilace until 
spring. McKinn(*y and Clayton (8) consider that the d(*velopineiital stage 
at wliich tissue be('Oin(*s infected tends to didcrmine the type of dis(‘ase 
reaction. If, as suggested by Valleaii (10) in connection with ring sjiot oi* 
tobacco, the acute [ihase is due to tlie infection of already differentiated tis- 
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sues and the eiirojiie phase I'ollows invasion of undifferentiated embryonic tis¬ 
sue, it would appear that the tatter-leaf virus did not move out into the upper 
buds of either seedling or larger tree until after the first leaves were partly 
formed. In support of this vieAV was the tendency for the acute symptoms 
to be located in the basal tlir(‘(^-(|uarters of affecded leaves rather than in the 
tips. Cutting back the inoculaled seedlings, besides circumventing this 
development, either forc-es into growth already infected buds close to the 
graft or induces the proiluction of adventitious shoots from infected tissue. 
The early appearance of chi‘oni(* symptoms in the first season on cut-back 
seedlings can be accoiint(^d for b\' the development of shoots from infected 
meristems, supplcjiiented by the comparatively rapid multiplication of the 
virus (luring the very vigorous growth induced by the cutting-back opera¬ 
tion. On the other hand, in the larger trees where chronic symptoms were 
delayed until tlu^ scmmukI season or later, the slower aecumulation of the virus 
to the degree of concentration and distribution necessary for symptom 
expression, was probably due to the relatively smaller dosage of inoculum, 
only one or two dis(‘ased buds being us(*d in inocidation, and in some measure 
to the less rapid imdti|)li('ation of the virus incident to less vigorous growth. 

Some ditferences in tht‘ i‘ea(‘lion of sw(*et cliei’ry varieties to tatter leaf 
wen* iiidicated. Naimleon app(*aiTd to be the least susceptible, exhibiting 
chlorotic i*ing, liin*. and (»tht‘r })atterns, and comparatively little necrosis and 
tattering. I5ing, on tin* other hand, was more aliVcted by tattering than was 
Black Tartarian, ]>arti('ularly with respect to tin* size of the necrotic areas 
on individual leav(*s. While Black Tartarian appears to occupy an inter¬ 
mediate position of sus('ej)til)ility, its behavior after ijioculation has been 
somewhat anomalous, both in the severity and extent of tattering and in the 
rate at which infci^timi sju’ead tlirough individual trees. It may well be that 
the* difi'cre*n(M‘s ol)served should he attributed to the time of year at which 
iid*(‘clion took place* rather than to the vagaries of the vai*iety itself. The 
orc'hard tree, in which violent sym|)toms of tattering a|)[>e*ared over about 
a third of the ti’cc in the first s(‘ason ami which was almost completely in- 
t'ecte^l the next year, was ino(‘idat(*d in rlune when active growth was in 
progi-ess. All otlu i* Black Tartarian tree's and those of otheu* cherry varie- 
ti(*s were inoendated iji late duly or early August after growth had slowed 
down. 8yin})toni ex])re*ssion in these tree's was restricted the following 
spring to shoots near the point of inoculation and at least two more growing 
se*ason.s were reeinired for the disease to permeate each tree. It is therefore 
reasonable te) suggest that both the inovememt and the mvdtiplication of the 
virus in the liost wci'c more extensive after the early summer infection than 
aft(*r the later ones. 

The role oi* foliar necroses and lacerations in the symptom expression of 
tatter leaf on swe(‘t I'herries is not entirely clear at i)resent. On the grounds 
tliat tlie tree fi*om whieh the A ims was originally obtained liad no such symp¬ 
toms and may liave luul the disease for a number of years, it may be argued 
that tlie tatter-leaf eoiiditiou is part of the acute pliase. A similar conclusion 
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is suggested by the almost eomplete absenee of tattering both on the sweet 
eherry seedling inoeulated in 1941 and on tlie lllaek Tartarian budded 
thereon, it it be assuiiKul that eiitting back suppresses acute syinp oiris in 
sweet cherries as it does in peaches. Furtherniore, the evidence so far ob» 
tainable from the inoculations of nurseiy stock and of larger trees, while 
inconclusive, is not iiicompatibJe with the theory. On tlie otlier hand, recur¬ 
rence of tattering on the IVIack Tartarian inoculated in June, 1940, indicates 
that the so-called acute symptom, though gradually waning, may I ‘ive almost 
the jiersisteiK'e ot‘ a clironie one. It seems probable that tlie time of year at 
which infecdon occurred and |)ossibly a higher lev(‘l of virus content may 
have been factors in prolonging the production ot‘ an acute sym|)tom. 
Whether or not the necroses and lacerations are shown to be tlu^ ac ite symi)- 
toms and the non-necrotic patterns, the chronic ones, both types are manifest 
on sweet eherry only on leaves produced in the t^arly part of the summer. 
Additional data are nec'cssary to determine Jiow miudi this seasonal peculi¬ 
arity is due to external factors, as for (*xample temperatures during leaf 
development (7), and how much to internal factors, such as the rate of move¬ 
ment and multiplication of virus within the host. 

The etched rings and nec'rotic spotting which constituti* tin* acute symp¬ 
toms of tatter leal* on Montmorency, bear considin-able resemblance not only 
to the acute symptoms of the more virulent strains of jiiMine dwarf (12), but 
also to those ol* necrotic ring s|a)t of sour chcrr\ (3, 6) on the same Jiost. 
This similarity of symptoms can be explained by assuming either that each 
of the diseases in question is caused by one of thrct* closely i-ivlated singh* 
viruses, or that one or mort; is caused by a virus (*omplex, one comjmnent oi' 
which is common to all three, or that Montmorency can react with much the 
same response to more than one distinct virus. Though the jiroblem of possi¬ 
ble relationships thus posed (‘annot be fully resolved from the data at present 
available, some deductions can be made. The distinct ditferences between 
the symptoms of tatter leaf and those of prune dwarf on other varieties of 
the I’ange of differential hosts is an argument against the close relationshif) 
of the causal viruses and in favor of the theory of like host resi>ous(‘ to uidike 
causes, provided of course that a virus comt>lex is jiot involved in orn^ or both 
diseases. Up to the present, differential symptom exjiression on the range 
of hosts used in the experiment and ])artieularly on the p(*a(*h, leads to a 
similar conclusion, regarding latter leaf and necrotic ring spot, which is 
supported by the following jiiece of circumstantial evidence. Svd)inociila- 
tion to clonal yearling Italian prune trees from tlie Montnioivuicy, Xaiioleon, 
and Black Tartarian nursery stoek, to wliieh tatter l(*af had been jireviously 
transmitted, demonstrated tliat the Montmorency carried a second virus 
which was not present in the other two varieties and whicli in all probability 
was one of the forms of nein'otic ring spot eommordy oeeurring in masked 
form in Montinoren(*y. Since the inoculation v\ ith tatter leaf induced strik¬ 
ing symptoms on an already diseased Montmorency, the introduced virus 
was evidently not the same as the inherent one. On the other hand, one of 
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two Black Tartarian trees inoculated with necrotic rin»j: spot from sour 
cherry had, in two seasons, leaves with symptoms resembling*: those of tatter 
leal, th(>uj»ii, on the whole, the sweet cherry was much less affected by the 
iiecrotic-rinn-spot virus than b.\' the tatter-leaf virus. Hildebrand also re¬ 
ported (6, 11) that the sour clierry ring* sjmt induced tatter-leaf symptoms 
on sweet cherry. It is possible that the necroti(‘-rin‘ 4 -sj)ot virus he used was 
more closely r<‘lated to the tatt(U’-leaf virus than the Canadian strain seems 
to have been. 

In so .'ar as ju-um* dwarf, tatter leaf, and necrotic ring spot of sour 
cherry can be sej)arated as three distiiud viruses, on tlie basis of their symp¬ 
tom ex|)ressi()n on a comnioii range of differential liosts, it is necessary to 
postulate the exist('nce oF at h^ast three distinct viruses or virus strains, 
whether the;\' act singly or as part of a complex. If they are related and 
how closely lli(‘y are j‘cla1(Hl are vexed qin^stions wliich must await the out¬ 
come oi* further research. 

STTMMARY 

Tatter leal' of sweet cherry is a virus disease named for its most striking 
sym|)tom on that host, and lias been found in s(*veral orcliards of the Niagara 
Peninsula in Ontario. One strain of the causal virus has been transmitted 
to a range of hosts comprising several varieties of |)lums, peaches, and sweet 
anti soui‘ ('h(‘rri(‘s. 

The disease lias little aiiparent effect on plum varitdies, some of which 
n\‘ict with ail indistinct mild mottle on early leaves. 

On peacli, tin* acute symptoms (slight sn])erti(dal bark necrosis, ring pat- 
tm'iis, and ehloi'otit' mai’kings) a})pear at tin* beginning of the first growing 
st‘ason after ino<Milation. Sulisequently, usually in the second year, chronic 
sym})t(»ms including faint mosaic and oak-leaf patterns, dtilliu^ss and j^rema- 
ture aging ol' the u]q)ei‘ ieid' surface, fine red pin-spotting, and occasionally 
red I’ini, fawn nem-oses, are to be found on lea\es scattered over the tree. 
Acute symjitoms are sut)])i*essed in favor of the chronic symiffoms when 
seedlings inoculated in late summer are cut back to the bud the following 
spring. 

The first sym])toms to appear on Black Tartarian cherry trees the spring 
after inoculation are tine brown lines circumscribing iiiterveinal areas wdiich 
soon beconu‘ iiecrotie and droj) out. Faint yellowish mottling and oak-leaf 
patterns also ocimr. 8ym|)tom expression appeai-s to be confined to leaves 
emerging early in tlie growing season and to vary in intensity and extent 
witli the time of year at which infection takes place, becoming less intense 
and more restricted in distribution the later the infeetion. Necrosis and 
laceration affVed Napoleon to a lesser and Bing to a greater degree than Black 
Tartarian. 

Pine etched rings and necrotic spotting form the acute phase, and nndiila- 
tions, rugosity, and twisting of the leaf laminae the chronic phase on the sour 
(dierry variety, IMontraoreney. The acute symptoms resemble those of nc- 
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ei'otic rinj? spot and some strains of prune dwarf on that variety, but the 
relationships, if any, of the causal viruses are as yet a matter of conjecture. 
Dominion Lauokatoky of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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ANNOUNCEMENT 


Hotel lieiMlcjiiartei s for the in(‘etiii|rs of the American Phytopatholo^ieal 
Soci(‘ty at 8t. Louis, Missouri, March 27-80 wilJ be announced in the h\d)ru- 
ary issiie of IViivtopatikuaxjy. Assijiinnonts l)y the American Association 
for tlie A(lvan(*em(mt of 8('ien(‘e were ]iot announced before the January 

isSlK* W(‘Ut to JU'CSS. 

At)stracts of j)apers to be })resented at the meetings of the Society are 
due in tlH‘ Oftic(‘ of tlu^ Secretary not later than January 25, as was an- 
nouiK'cd in the I)e('ember issue of Phytopatholoov. 




EDWARD FRANKLIN GAINES 
1886-1944 

I r A R u Y . II u Al 1 * n K E Y A N D F K K I) E R 1 C K ,] . S T E V F: N S 0 N 

Edward l^’ranklin dailies was boi’ii danuary 12, 1886, near Avalon, 
Missouri. When a lad ol fourteen the family moved from Missouri to a 
farm near (diewelah, in tin* dolville Valley of northeastern Washin<i:toii. 
It was l)er(* and in Missouri that he received his jiublic school education. 
Thereafter he attended the State Xormal School at Cheney, Wasliin<>’ton, 
where he was ^radnated in 1907. We next find him as the i)rin('i])al of a 
grade school in Hitzville. In 1909 lie entered the State College of Washing¬ 
ton, at Pullman, where, in 1911, lie received the degree of Bachelor of 
Sinence in Agriculture. 

On graduation tlu* sulijeet of our narrative was appointed to a position 
on th(‘ Exiieriment Station staff, as assistant cerealist. The nature of this 
appointimmt enabled him to continut‘ his studies to the end that in June, 
191d, he was awai*ded ilie Al.S. d{‘gree. We next find him for a semester 
in 1915 at Hai‘vard rni\'(‘rsity as a graduate student of genetics and plant 
breeding under tlu‘ lead(U'sliij) of the late J)r. E. M. East. Returning to 
Pullman, he resumed liis duties as assistant eerealist, which j)osition he filled 
until 1917, when lie was prnmoted t(i the rank of cerealist. In 1920 he was 
again granted lea\'e tor i*esiimptioji of his ])ostgradnate studies at Harvard, 
where, in 1921, he ree.(‘ived tlie degree of Doctor of Sidence. 

By way of jiailial aekii(»w’ledgment of the outstanding (piality and char¬ 
acter of Dr. Caines as student and man, it suffices liere to mention the fact 
that, w hile at Ihillmaii, he was elected to membership in Alpha Camnia IMio. 
Alpha Zeta. Plii Kajipa Phi. Sigma Xi. Phi Sigma, and Phi Beta Kapi)a. 
Ot these honors and liadges of stmlent esteem and distinction he w’as justly 
proud, yel he was (wer tie* sanu' whol(*someiy modest and genuine student, 
and ins])i]*ing teacher, 

11 is ability as a t<‘ai'her was early recognized, and he served liis alma 
inatm* eminently, first as iiistruetor in agronomy (1911-1917), then as assis¬ 
tant ju’ofessor of farm cro])s (1917”192r), and associate professoi* of farm 
crojis (1921-19:10!, and finally as i>rofessor of genetics in agi*onomy, from 
19:10 until his death. Bei'ause of illness, he was unable to be at his desk 
during the last ninet(*en months of his life. 

The last six months of 19:>0 Dr. Caines spent in Euro}>e, where lie 
visited (*xi)eriment stations and educational institutions in Great Britain, 
ilussia, Cermany, Swedmi, and Denmark. Incidentally, wliile in Europe, 
he attended tlu‘ Firth International Bvdanical Congress, at Cambridge, and 
the SciHUid International (7>ngi*ess of Soil Science, held that summer in 
lamingrad and Mosimiw. In early October he took up residence in Halle, 
Germany, seat of the Institute for Plant Breeding and Plant Research. 

S7 
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Here lie visited Riul made observations on the several field experiments and 
had aeeess to the* reeords. He also made several exetirsiojis into the svir- 
ronndinjjf eonntry, where he visited private pi an t-breed in centers, oiitlyinijr 
stations of the Institute, eenters of beet-sn^rar prodnetion, and several lar*re, 
{)rivately owned farms. 

Most important amon<r Dr. Gaines’ eontribntions as a jrenetieist and 
])lant breeder are bis ])a])ers on the jzeneties of bunt resistaiu'e in Avheat and 
his studies on the ijilieritanee of smut resistance in wheat and oats. The 
api)ended list of his |)ublished reseandi will afford the reader a ready grasp 
of the range and iinpor1an(*e of his scienlific contribntiojis to onr knowledge 
of agronomy, and of gmietics as a|)plied to bi-eeding for disease resistance. 

Dui’ing his long term of service as a teacher students came to Dr. Gaines 
from (-anada, Itelgium, Germany, the Pliilij>i)ines, Gliina, and Japan to 
study undei- his sui)ervision. Il<* was visited by g(*neticists from every con- 
tiiHMit, men who desired particularly to learn of his irndhods and residts. 

To his intimatt' friends ‘‘Ed” Gaines was more tlian a great scientist. 
He was a great man. Jle believisl in mankind and in his social betterment, 
and was always to be found in th(‘ front i*anks of cliaracter-building organi¬ 
zations. He worked with young jX'ople in the Boy Scouts and in the Church, 
with students in various college organizations, especially in the Alpha, 
Gannna Rlio frateimity. and with lariners, in whose welfare he always 
sliowed, thr('ugh tlie Grange, an intense interest. 

He radiat<*d trustworthiness and steadfastness of pur])ose. He had the 
ability to undertake worthwhile |)rojeets and carry tiiein through, often in 
spite of formidable op])osition. 

Those students pri\’ileg<‘d to work under his direction were treated not 
as inferioi's hut as close friends wlunn he inspired with liis own zeal for 
science and right living. He was mU an outstanding hadurer. but he was 
an eminent tcaclier and lead(‘r. Not many words but more doing seemed 
to he Ids motto. 

His s(‘ientific a('hie\'«‘ments will long be remembered, but his influence 
for good ovt'r many lives, while not so easily evaluated, i>robahly will result 
in gi‘eati*r -ains to society than the results of his scientitic work. We can 
truly say that tin* I’acific Xorthwest and the whole world are enriched physi¬ 
cally and morally lM*(*ause Ed (laines passtal this way. 

A LIST OF THE IMnUSHED PAPERS OK WHICH DR. EDWAliD F. (SAINES 
WAS EITHER AFTHOR OR CO-AT’THOR 

Wusliin .;to!i wlioMls. (With 1*’. (J. Sciiakf.k. j Wm.>Ii. Agr. Exp. StMt. UuU. IlM. 1915. 
();Us in W:isliiiigtot\. (With If (LiScHAKKK. i W:isli. Agr. Ifxp. St:»t. Hull. lliU. I9H>. 

I iilu'i itnncc in wln-at, h'n l«*v ;uul <»:it liyUrias. Wash. Agr. Exp. Slat. Hull. 1M5. 1917. 

Finlri p(‘a predm-l ion. (With E. (1 SeiiACKK. > Wash. Agr. Exp. Stat. Hull. Tin. 1917. 
Hai l(‘y ill Washington. ( Witli E. (L SiHAFfr. > W.ash. .Xgr. Exp. Stat. Hull. 141. 1917. 
t'omparativ'o snnit la sistaniM- of Washington \vho;its. Jour. .Xinor. Soi*. Agron. 10: ilLS-"- 

I'-'J. !91S. 

'fwo important variidiivs of wintei wlnat. Wa.sh. .\gr. l''xt>. Stat. Pop. P>ull. 1 Hi. 1919, 
'fin* inhiM-itanco of rosistam*;’ to Iniut or .stinhinji; smut of uhoat. Jonr. .\ue'r. Soi*. Agro .. 

12: lL*4-i;iLf 19 lM». 




90 


PlI YTOPATl lOLOC, Y 


I VoL. 36 


VVlu'nt production ns inMucnccd }»y variety, time of st'edin^, Miid soureo of seed. (With 
E. G. Schafer and O. E. I5 akW:k.) Wash. Exp. Stat. Rull. 159. I9l!l. 

(hiltural experiments with whent. (Witli E. G. Schafer and O. K. IIakbee.) Wash. Agr. 
Exj). St.‘it. Bull. Bit). T9121. 

Kv(‘-wheat and wheat-rve hvl)rid.s. (With E. .1. Stevemson.*) Jour. TI('r(‘d. 13: 81-90. 
1922. 

The four lu‘st winter wheats. State Col. Wash. Extimsion Bull. J)0. 1922. 

Genetics of bunt resistance in wheat. Jour. Agr. lies. | U.S. | 23: 445—180. 1923. 

Occurrence of bunt in rve. (With F. J. Stevensow) IMiytopath. 13: 210-215. 1923. 

Washington oats. (With E. G. Schafer and O. E. Bakuee.) Wash. Agr. Exp. Stat. 
Bull. 179. 1923. 

AVashiuglon barlevs. (With E. (». Schafer ;ind O. E. Barree, i W-asli. Agr. Exj). Stat. 
Bull. 181. 1924. 

A genetic and cytological study of certain hybrids of wlie.at species. (With K \RI. Sax.) 

Jour. Agr. I?es. j U.S. | 28: 1017-1032. 1924. 

Atarkton, :ui oat variety ifummie trom eovt*red sjnul. (With 'T. K. S'I'A-X'IOn and J). i'. 
STEPHEN’S.) U.S.it.A. Cir. 324. 1924. 

Kelative resistaiUH' of wheat t(> bunt in tbe l‘acific ('o.ast States. ( With W. 11. 'risj)Ai.E, 
J. H. SMARTIN', Eked X. Banajs, W. W. Mackje, D. E. S'ieimiens, II. M. Wool. man. 
and F. J. Stevenson.) I'.S.D.A. Bull. 129!>. 1925, 

'rin* iuli(‘rit;uice of disease rt‘sistauce in wheat and o:its. IMivtopath. 15: 311-34IC 1925. 

Resistance to eov(‘red smut in v.arieties :ind hybrids of o.iis. Jour. .\mi'r. Soc. Agron. 
17: 775-78}>. 1925. 

ibgistration ot‘ barliw varieties. (Witli H. IIakt.an jiml R. (i. WnaiiNs.i .lonr. .\iner, 

Soc. Agron. 18: '947-948. 1920. 

GeinOics of Marquis ■ 'rurkey \v]ie;it in resp<*ct to Iniut resist.*nice, winter h.abit ;in<i :i\vn- 
lessness, (With II. f‘. SlNGl.E'l’ON. i Jour. .';|jr. il’.S.| 32; Bi.l- ISl. 1920. 

(k)rn tests at Rr<)sser and 1‘nllinan. (Witli H. R. SINGEETON. » 3 pp. (iniineograplied 

sheet). 1920. 

A haj)loi(l wheat jd.'uit. (With Hannah ('. A \.''K. > Ainei. .lour. Hot, 13: 373.3.8,“. 

1920. 

Whe;it vaiieties in Washington. ( W'ith l’3 Schafer and G, I’. Hakim;! .) \\’;ish. Agr. 

Exj>. Stat. Hull. 207. l'J20. 

Registration <*t' stnndai’d wln'at varieties. ( With .1. .\. (’L.Akk aii<) II. 11. l.o\i . , .lour, 
Amer. Soc. Agron. 18: 920 922. 192ti. 

Tlie linkage (»t‘ pubes<'eMt node and lnKird f‘.a<*tors :is ovideuced i»v a emss betwei n two 
vari<‘ties of wheat. (With ARTinu ('\KSTE.\s.. .loiir. Ayr. Res. jl'.S, j 33: 753- 
755, 1920. 

The relation of triphdil fa<*tor.s and chromo.some gionps in wheat .and <»;it <. .lour, ,\iner. 
Sen*. AgroJi. 19: 2u2 205. 1927. 

A wlieat variet^ sm’V('V in Washington. (With !•!. (1. S hvki.k. .lour, .\iner. Sen-. ..\gron. 
20: 171-181. B»28, 

Distribution of wheat varieties in W.isliington. ( Wiih la. G. S( 1 1 \I'ER.\\':ish. .\gr. 
Exp. Stat. Hull. 224. 1928. 

Iniieritariia^ of gr<»wth hal»it in winter and spiing wln-at hvbrids. Xoilhwest Seieiin- 2; 
59-03. 1928. 

New' physic»logic forms of Till< lia irtt ’n'i in wheat. )Mi\ to]>atIt. 18; l.’)9. 1928, 

.New ])hysio’,(gic forms of Tilirfin h ris .md / . tritiri. HhyTop.atli. 18: ,579 -58s. 1928. 

Jbgi.stratioii of varieties and strains of o.ats. ( With M*. R. S’I'An ion .and H. H. Hi)\ i:. ) 
Join*. Anier. Sot . Agj-on. 20: 1323-1325. 192!0 

M'he ctuifro) of bunt or sliiiliing snint of wheat. (With E. D. IIem.d. . Wash. Agr. Ivxp. 
Stat. Bull. 211. 193H. 

W'heat varietie.s (»f Washington In B.»29. ( With E. G. Schafer.? W.ash. .\gr. Exp. Stat. 

Bull. 250. 1931. 

Arlaptation of wheat varieties in the Haeific JNoithwest. (With I’. G. S« H \l kk.? North 
west S('ii‘uce 6; 98-107. 1932. 

M'h(‘ effect of bunt on vidd of whe.at. (With 11. JI. Euoi: .'iiol W. K. S.mith.i .lour. 
Amer. Soc. .\gron. 24: 778 -781. 1932. 

The value iff tht' hyhrid wheats prodnctMl by the State I’olhge of Washinglon, NortInvest 
Scieuce 7: 8-12. 1933. 

Rea<‘tiou of varieties and hyl>rids of wle at to physiidogie forms of Imnt. (Witli \\ . K. 

S,MlTri.) Jour, Amer, Soc. Agron. 25: 273-284, 11)33. 

MMie results of recent restaircii in genetics. Hroceetjings of the Fifth Hacifii- Seieiice <'oii 
gress. Cniv, of 'I'oronto Dress. 4: 2027 2029. 1933. 

i^imary considerations in developing new wlieats in Wa.shington, .NortInvest Sciiuice 9: 
8-12. 1935. 

Wheat varieties in Washington in 19.34. (With E. G. Schaekr.i Wasli. Agr. Ilxp. Stat. 
Bui!. 338. 1930. 
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Plant sclcotioii and in relation to soil ('onservation. JS’ortliW(?st Seieiice 12: 

58-01!. P>;i8. 

Wheat varieti<‘H in Washington. (With E. (j. SeiiAFF.K.) Wash. Agr. Tvxp. Stat. Bull. 
398 . 1939 . 

The inlif'iitanee (tf n‘a<*tion of Tnrkey-Eloreiiet'-1 xOro-l to Race 8 of TlUtiia Icris. 
(With (). A. and K. (’laaskkx.) dour. Ainer. Soe. Agroii. 34: 087“()94. 

19-12. 

The iidieritan('(‘ (»f reaction of 'rurkey-Floreuee-1 - Oro 1 to Kace 11 of Tillfiin iritwi. 
(With O. A. VooKL and (E. (’la asskx. ) dour. Amer. Soe. Agron. 36: 473-“479. 
1941. 



CHEMICAL CONTllOL OF SEED-BOENE FUNGI DURING GERMI¬ 
NATION TESTING OF PEAS AND SWEET CORN^ 

W’ 1 L L A R I) C ROSIE R ^ 

(At'ccpU'd i’v>r .lul^v 10, 1045) 

In routine <i'eriiiiniition testinji*- in the laboratory seeds iisiially are placed 
(dose to<:»ether on moistened ])ap(n* towels. Since the atmos|)liere in the ter¬ 
minators is V(n*y humid, baideria and Innti rapidly and spread (|uickly 
from infected to noninfected seeds and seedlints. Because tlie S(‘eds are 
croAvded, decays caused bv seed-borne i>ath()tons may be aimw s(‘vei*e in the 
terminator. Rhizoctonia solani Kiihn oritinatint in a few infected beans or 
peas (4) often troAA’s throuthont, and rots most ol‘ the seeds in, a i-olled 
toAvel in 5 to 7 days. Molds fre(|n(‘ntly develop in lots of beans, corn, and 
peas (4, 5), and especially in seeds of low vitality, to such an extceit that the 
seedlints become hidden and can be observed only with diffii-nlty. 

The funticides commonly applied to .s(‘ed/ prior to plantint (2, 5. (>, 7) 
have been used to control both pathotens and saju'opliytis troublesome in lab¬ 
oratory t<u*millation testint. Hay (5) report( m 1 that (certain or^anie mer- 
(mrials controlled the molds on b('an set*ds very satisfactoril\’ anti that Iht' 
laboratory jiermination was uniformly liiirlier for tirated than for nntr(*at(‘d 
seeds. Porter (9) found tliat the volatile, Avater-solulile nit*nMiri{ds Avere 
very effetdive as laboratory S(‘ed disinfectants and disinft‘stants. Crosier 
and Ibitrick (4) t-onclnded tliat mereuric ehloride, and dusts containinu' 
ethyl mercury pliosjiliate, as well as several insoluble or;:anic nieriMirials 
prevented mold <»roAvth if the ^(Tinination jieriods did not exc(*ed 10 days. 

(V‘rtain eopjier coiiijiounds inclndiirir cop|)er oxalatt*. eojiiier oxychloride, 
and cuprous oxide were not so etfi'ctive as the mercurials in short-|M‘riod 
t<‘sts. Buchholtz (2) statiHl that the chemicals (coj)per carbonate and ethyl 
mercury phosphate) re('ommend(*d for (‘ontrol of sor^linm smut also killt‘d 
molds that developed on seeds durinj*: storapv Patrick and Crosier (8) 
found that any one of seATral mercurials, Avhen us(*d eitlim* as dij) or dust, 
(‘ontrolied AUirnuria spp. and Rhiiopits ni(/ricans Ehr. in ^erminatinu’ cab- 
baj^e and radish seed. Cnjirous oxide and zinc oxide, howevtn*, caused only 
slight redmdions in th(‘ pi'rcentajies of fuimus-siHHl associations. llo})|)(‘ (ti) 
found that Arasan i*educed the Diplodia zvac (SchAV.) Lev. on infeid(*d corn 
seed but, that Sper^on Avas ineffective in control of this fungus. Muski'tt aiid 
Collioun (7) Imported that Arasan (or Nomersan) eliminated Coilctofri- 
chtan Inri (Westerd.) Toch. and partially (‘ontrolk'd Polyspora Uni Laff. in 
flax seed. Th(\v (concluded tliat the orjianie mercurials AV(*re effe(dive only 
wli(‘n used as short Avet treatmernts. 

1 Journal Paper No. (ill), .New York State Ai/ricultural K.\]»erim(*iit Station, (leneva, 

N.y. 

- Assistant Piofessor, jlivision of S(‘c(l Investigations, ('onicll rniversitv, (tcnt‘va, 

X., Y. 
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METHODS AND MATERIALS 

The [iresent iiivestijration was undertaken to determine tlie relative fun- 
f>ieidal values of* Arasmi, Ceresan, dii Pont 1452 C, Seinesan Jr., Sperjron, 
and United States Ilnbber ('Oinpound No. 604. All eliernieals were applied 
by ai^itatini^- weighed amounts of dnst witli measured (luantities of seeds in 
jilass jars seeiir*ed to a rotatinjf wheel treater. The treatment periods were 
unirormly 5 minutes. A (|uantity of StowelUs Evergreen Sweet Corn t>'rown 
in 1942 eontaiiH'd about 8 per cent of seeds infeeted with Diplodia zeae. 
liln'zopits nigricans and sjieeies of AspcrgiUm, Fusariuniy and Fcnieillium 
0 ('('urred as eontaiiiinaiits on 50 to 60 per eent of the seeds. This lot of sweet 
('()rn stHHl was treated with (‘ertain fun^ieid(‘s at the following rates: Arasan 
(50 per eent tetramethyl thiuramdisulfide), 0.15 ])er eent by wei<^’ht (I j oz. 
j)er bii. of seed); Du P. 1452 (' (7.7 per eent eth\'] niereury p-toluene sulfona- 
nalide), O.Oti per eent l)y weight; Semesan Jr. (1 per eint ethyl mercury 
])liospliat(0, 0.22 |)er eent by weight; U.S.K. No. 604 (essentially 2,3-diehloro- 
1,4-naphtlioqiiinone), 0.11 |)er eent by wei«-ht. The seeds were frerminated 
in rolled pap(*r towels, plaeed in Immid ^erminatoi-s Avith eitlier constant 
teinperatiu(‘s of 25"' C, oi* alt(Tnatinji- temperaturt's of 20"^ and 30'" C. The 
seedlings Avei-(* removed and lh(» fun<i;ieidal ti'eatments were evaluated 6 da.vs 
after initiation of the tests. 

A sample from the 1942 emp of Tliomas Laxton peas was separated into 
six portions and treated with (diemieal dusts ai)i>lied in pereentaj»es by 
weiyld of the seeds as follows: Arasan, 0.15 p(‘r eent (1.44 oz. per bu.) ; 
Ceresan (2 p(*r eiuit ethyl mereury ehloride), 0.20 per eent ; Semesan Jr.. 
0.20 per cent ; Sp(M- 3 Li(ni, 0.20 per cent ; and IJ.S.U. No. 604, 0.10 per eent. 
The seeds Avere .u(MMijinat(‘d at 20" C. Keeords were taken the sixth day of 
jierm illation. 

The treated lots of peas and sweet eoi-n were scjiarated into 100-seed 
samples and disti'ibuted in triplicate to 11 otlit'ial seed analysts in Ncav York 
and other states for ‘termination and disease studies. The peas were also 
])lanted at Ceneva, N. Y., in <treenhouse soil infested with Pgthinni ultimnm 
Trow., /itlniffC^ania .salani, and Fusarinni spp. The treated peas Avere 
idanted in 5 rtqilii'ates of 100 seeds, the untreated peas in 10 replicates of 
100 seeds. After 25 days the emerged seedlinjts were counted, examined, 
and cut at the soil line, and the ^reen to]>s Avere Aveijthed. 

RESULTS 

Since tlie sweet corn seedstoek was lieaA’ilv' infested Avith Rhizopiis nigri¬ 
cans several eooi>eratin‘f analy sts stated that the untreated germinated seeds 
Avm*e entirely obscured by .i»roAvtl)s of this fungus. Neither the statements 
nor the data of an.v analyst indicated that R. nigricans depressed the actual 
germination. This is in accord Avith previous findings at the New York 
laboratory. In experiments over a period of six years seedstocks infested 
with R. nigrimns alone have not produced more seedlings from treated than 
from untreated seeds. Control of R. nigricans, hoAvever, may^ be aet'om- 
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paiiied by an increase in tlie j^reen weights of* the germinatinji* seeds and 
se^edJings. Tlie results of the present investigation (Table 1) witli a stock 
of sweet corn in which Diplodia zcar was also a factor suggest that increased 
weight of seeds and seedlings is obtaiiKnl fi’oni evcni a partial ('ontrol of 
molds. 

Diplodia zeae gi*ew raj)idly on llu* untreated infected seeds and d(\stroyed 
or injured from 3 to lO per cent of the seedlings. Material was examined 

TABIjt] \ .— 1 nflucucc <>/ ct rUihi st td pralcrUtnIs upon scud gcnnina!ion, incidence 
of funpus conUunimif ion or infccliioi, and the ffr< cn nu iphl of Slou'clVs Kn rpreen sweet, 
corn sccdlinps 
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Hpocios of Vcnirillium, Asp< rpiUns, ;iinl IIt>nmtdcndrun\. 

Fusarium wonilifornir \v;js tlie most fro(|nr*iitlv ol»sorv*Ml .sjx'cics. 

<^NmM)K■r of times this moteriai (vxcelled all otiu'r mat(>iial,s and the ehe<*k, 1.1 possi¬ 
bilities. Ties of 1 JiiateriaJ with 1 to 4 others are re<a»r<hMl as \ to i, i-es]K'eti\olv. 

^Niimlx'r of times this mat{M'ial exeelled oii<* .of the other mattnaals or eh(‘ek, 14 ])ossi- 
bilitics for caeli material, 

bel'ore the hypliae s|)rea(l (extensively throughout tlie rolled towels, heiU'C th(‘ 
injury from 1). zcac was limited to the infected s(*e(ls and those immt‘diately 
adjacent. Tlie incr(*ased ])ercentages of germination (Tat)l(‘ 1) in the 
treated 100-seed lots are undoubtedly attributable to tin* ehemical (‘ontrol of 

/>. Zf UP, 

Only IT.S.II. No. 004 ettected more than a trace of ('InMiiical injury. The 
average |)ercentages of germination from the se(Mls treated otherwise (Table 
1) indicate a general absmu'e of phytotoxicity. Tin* organic mei'curial. 
Du P. 1452 P, was outstanding in the control of molds and Diplodia zrac, 
although IkS.H. No. 604 and Arasan were nearly as fungicidal. 
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The seeds treated with Dii P. 1452 C prodiieed a jireater weijiht of sprouts 
than seed treated witJi any other material in trials by ei»ht eooperators. The 
weif::ht of tlie sprouts detaelied from Ihe (mdosperms and seedeoats averaj^ed 
54.3 grams for the 100 seeds treated with Du P. 1452 C or a gain of 23 per 
eent over the 44.3 grams for the untreated seed. The plumules and radieles 
frequently were lai’ger in tlie former tests. A heavier production of lateral 

TABLE 2.— Inffueucf of certain need 'prolcelanls upon need ip rminat ionj f ungun- 
and hnel(‘rial-e()nUminat\(Ht and green weight of Thomas Laxton pea needlingn 
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S[)C('ii\s of j’enieilliinH, Aspi rgitlun, Fusarium, jiiid otlior fungi. 

^'Frwinia etirntovortt ruustMl ino.st of ilio soft-rotting. 

*■ Xuinltcr of times tliis ninterial exeeUed nil otli(*r materials and the clicek, 11 possi- 
hililies. Ties of 1 material with 1 to "> others are reeorded as I to h, res])ectivelv. 

Number of times this material excelled om* of the otlier materials or eheeU, 5o |»ossi- 
l>iliti<‘s for each material. 

roots also was observed. The average Aveight per detached seedling was also 
greatest i'or the lots treated witli Du \\ 1452 C. Since the stock of peas used 
in this study contained verA' few dead, Aveak, or contaminated seeds, the con¬ 
trol of molds and bacteria Avas conqdete in several tests and nearly so in tlie 
others. Eaidi (-ooperator reported that the incidence of Rhizopus niffricans 
and of IR nicMiuin spp. was less in every treated lot than in any untreated 
lot of seeds. Spergon and U.S.K No. 604, excelled in the control of mold 
fungi (Table 2) Avhile the latter also ranked first as a protectant against 
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bacterial eontaniinations. Tlie eheiiHcal (‘oiitrol of th(‘ bacteria and fiinjii 
greatly facilitated the exainiiiation of the germinant seeds. 

It is obvious that growth of bacteria and fungi in the untreated seed was 
too limited to depress the germination greatly. For tliis reason the treated 
seeds prodiu*ed only slightly more normal and total sprouts tlian did the 
untreated, rnfortunately the stock of [)eas was Jiot infected with .l.sco- 
c/iyfa pisi Lib., Rhizovlotiia solanl, or Scirrotinia scirroliorunt, so the value 
of the chemicals in eliminating these pathogens was not determined. 

In 55 comparisons with otlnu' protectants (Table 2 ) Ai-asan exeel led, or 
tied, 46 times on the basis of total green weight from TOO seeds and seedlings. 
Each coo])erator who nieasur(*d the length of radicles and plninides repoi’ted 
that Arasan excelled all other treatments. IW the same eriterion Fert*san 
api)eared to be only slightly inferior to Arasan both in the pi-('s(‘nt study 
and in former ex|)eiviinents with similar .seedstoeks. (''eresan had prf^vionsly 

TAP»IjK -Eintrffrnn' duel (/re m ir ie/ht of Id/ts of plants fritm fridfttl etml from 
nn I re (lU el pen see el pleinltel nt contaminetie et e/ree nlomse steil 
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» The weight of ]»l;oits from imtionted st'ods o<juals loo prr ct iiT. 

(4) excelled the copper conip<jmids in this respect with gtoaiiination tests 
of peas terminating witliin seven days. 

In greenhouse beds botli Arasan aiid Spergon were slightly su})erior to 
U.8.R. No. 604 (Table 3) in the protection of pea seeds and secillings against 
dam|)ing-off. Tlie water-soluble ethyl nnuvnrials. Fei'(*san and Semesan dr., 
did not com|)are favorably with tin* former materials as st/ed jiroteotants. 
It .should be noted tltat Arasan was applied at only thr(*e‘f(nirths ami r.S.R. 
No. 604 at ojie-half the weight dosage of the other tliree materials. The 
])lants in each of the replicates from treated seed were larger and morr* uni¬ 
form than in those from untreated seeds. The average weight per plant 
(Table 3) indicates that each of the materials |>rot(*eted tin* emerged se(*d. 
lings from robt-rot and other fungus injury. Tin* plants from the Arasan- 
and SpergoM-treated seeds wert* taller and w<*r<* inatiiring more I'apidly than 
tln»se grown from the peas left untreated or treated with other inaterials. 

DISCUSSION 

The organic iuer(Mii*ials, Peresan and Semesan dr., applied to seed corn 
prior to planting have effected practi<*al <‘ontrol of molds in laboratory 
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tochinijiies. Lo\v-<rerminatiii}i: stoi'ks of seed, such as the sweet 
eorii seed used in tliis stiuly, may be so infested with siib-siirface growths of 
liiuzopns ni(jnc(!ns, liowever, that seed tn*a1inent does not eliminate all of 
this fnnf'us. The dosajres of tlie seed proteetants may be considered minima 
for apj^lication to normal plantiiijr stocks of sweet (*orn. Slijzhtly jireater 
amounts of Seim^san di*. will adhere to the seed coats and are iisnally recom¬ 
mended, while tlie dosaj::es of the other materials could be increased from 2 
to 5 times. However, with tli(‘ ex(*(‘])tion of Arasan and SlJer^mn, and possi¬ 
bly of Du I*. 1452 C, su<’h im*reHses in dosage would be accompanied by defi¬ 
nite pliytotoxi(‘ity. It would appear then that any of the materials used in 
this study could he ap[)lied in sufficient amounts to control R. niyricans and 
<»t}ier t'un^'i luit that ArasaJi alone would effect a hi^di d(^^ree of control of 
both pathogenic and sapr*o|)hytic funjri without injury to the seedlin^^s. 
Arasan has fretpieutly b(*en applied without dilution to corn seed and the 
seedlinjjrs (h‘velo]>ed norniall\’. Usually the ailherence ratt*s varied from ().3() 
to 0.45 |)er c(‘nt l)y wei^lit with an averajLic of 0.35 i»er cent (3.1 ounces per 
husliel of s(»ed), 

I5i(h'i- certain conditions tlie maximum adheriMit dosam* of Arasan may 
h(‘ necessary to iidiiliit Diplodla mu. ]loj)j)e (O) (‘iiiployin^' a technique 
which |)ennitted maximum adhermice of dusts to corn sianl found Arasan 
al)ont a> efti(-ient as New Improved Semesan di*. oi* Barbak J) in the inhibi¬ 
tion of />. < 1 * Sinc(* the dosaj^i* of Arasan used by Hoppe was prol)ably 

50 to 100 j)er cent heavier than those of the otlun* dusts it may be inferred 
that e(jual dosai^cs would ju'ove Arasan to be relatively less etficitMit. Ib*- 
peated ex])criments at the Xew York State labm'aloi'y. however, imlicate that 
the appli<'ation of inixtiu’e of e<pial parts of Arasan and talc (only 25 jku* 
c<‘nt ItMramethyl ihiuramdiNultide) to infected corn seed inlul)its the trrowth 
of />. :> a (. 

Tln‘ material I)n B. 1452 (' is. in cei-tain res[>ects, preferable to Arasan 
f(»r lal)oratory practice, sinet* it can l)e used as an instant dip. The eonsis- 
l(‘ntiy iiijjrh ^fcen weitrht of seedlinns (Table 1) from Du P. 1452 U-treated 
.st‘ed has l)een observed repeatedly in otlnvr exi»eriments. It is not uncoininon 
for the seedliiiLis from (‘ach test of tn‘ated seeil in a series of 20 sam])les to 
outwei<:h the ;.i(‘rminatt‘d scinI in tin' untreated conti’ol by 5 to 10 per cent. 
Wlnni applied to commejvial seed usually less heavily eontaminated than the 
stoi'k of StovwlPs Fverjzr'een sweet corn used in this trial, a 0.20 per cent 
suspension of Du V. 1452 U in water or a 20 per cent Du P. 1452 (^-SO }>er 
<*eut flour mixtun‘ prai'tically eliminated the Rhiz(fj}us and Prnicilli}{}n and 
iniiibit(‘d the d(‘velopment of Dipiodia zku and GihbercUn .ii(u: (Sclav.) 
Petch. 

In tin* conti’ol of molds U.S.K. No. 004 is about etpial to Arasan at the 
dosaiies used in this study. At evpial dosa<res U.S.K. No. 004 mitiht prove the 
better. However, while Ai*asan causes no seedliiifr injury at heuA v dosages, 
U.S.K. No. (i04 appears to be phytotoxic if the dosajie ex(*eeds 0.11 per cent 
by wei^dit. In the control of Diplodia zrac this material is definitely inferior 
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to Arasan and to tlie organic mereviry dusts. In tins regard U.S.K. No. 604 
aj)pears similar to tlie related quinone comjionnd, Spergon, wliich did not 
inhibit the growtli of J>. zrac on infected seed (6). 

New Iini)roved (\n*esan, one of the standard disinfestants for i)ea seeds, 
can be applied in either di|) or dust form and is effective at dosages only 20 
to 40 per cent as heavy as for most other materials. Semesan Jr. at five 
times the dosage rate of New Improved (\u*esan Inis often been substitnt(*d 
for it sinci* Semesan Jr. (contains tlie .same fungicidal ingredient and adhen*s 
at the correct rate to control seed contaminants witliont j)r(Hlu(‘ing seedling 
injury. 

Ceresan and New Imjiroved C(‘resan havt* been of some value in control¬ 
ling Ascochyta pLsi Lib. in s<M‘dsto(‘ks of peas and winter vetcii (3, 4). liaylcs 
et (il. (1) also found that the organic menuirials reduced the amount of s(‘<*d- 
borne Asvocinjta, whih* (‘ujirous oxide was iueffcctixe. 

Since the advent of Spergon as a seed protectant for ])t*as, a mixture of 
60 i)er cent Spergon and 40 |)er cimt flour by weight has been used in the 
laboratory. Sindi a dust adheres at a raty e(iuivalent to 2 to 4 ouium^s of 
Spergon per bushel of seed. The results of this study indiiude that Sj>ergon 
a])])lied at about this dosage will be equal or even sujierior ti» Semesan Jr. in 
the control of molds, Sjiergon seemed to cause no discomfort to tlie worker 
when Treating seeds, wliile the other four dusts appli«‘d to pea scimIs in this 
investigation caused slight irritation. Seedstoeks of ])ea tn*ated with Sper¬ 
gon before tlieir reiMupt at the seetl testing lalHU’atory usually ])r(»duced 
strong clean seedlings (. oaper towels. Iiea\ il\’ dnst«‘d seeds have germi¬ 
nated normally altliough the <*overagcs indieat‘‘d that Sper'jon had lieen 
applied at rates of o to 8 oiuumn jier l>ushel. 

Arasan lias eliminated molds from germinant pea seeds treaPHl at tiie 
canning factory, and Arasan lias liecn pi’a<*tieally fqual ti* S|a‘rgon in this 
resp(‘et. Similar studies with cabbage seed ‘8) have indii-ate<l tlial botii 
Arasan and Sjiergon are about equal to Smnesan in control of Altifujirnf 
spj), and Uhiznpus nlijricuns. 


SKM MAliV 

Every ciiemieal ju-cjiaration used in this study, and es|>ccially I)n IV 
1452 V, iidiihited, or partially eontnilleil, the seed-bru'iie fungi of sweiu corn 
in germination testing. Inereases in germination attrilmlalile to seed treat¬ 
ment paralleled tlie ('ontrol of ll/p/m/m zrat iuit probaiily imt the ('ontrol of 
Rh i> o) > li .s n i() ricd ri s . 

Only U.vS.lv, No. (iOl <*aiised any eliemieal injury detectable liy si/e or 
developmeut of tlie sweet corn seedlings. Evi*ry other material resulted in 
increased green weiglit of the comlnnefl seeds and sei'diings. Du IV 1452 0 
excelled or equalled the other eliemicals iu 41 of 44 possil)ilifies on the basis 
of green wrnght. Arasan was the most, and IVS.K. No. 604 the least. ef[i(*ient 
material in preventing Diplofha zear frtuu developing on seeds and from 
d estroyi ng seedl ings. 
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The eliemical proteetants were effective in eontrolling’ molds and bacteria 
on pea seeds and seedlings, althoug:h U.S.R. Xo. 604 sligrhtly excelled the 
other luaterials. Oidy Semesan Jr. failed to efl:*eet a slijrht increase in both 
the germination of sci^dts and green weight of seedlings. On the basis of 
green weight of seeds and seedlings Arasan and Ceresan excelled U.S.R. No. 
()()4, Spergon, and Sejnesan Jr. 

Arasan and Spergon [xnanitted only 5 per cent of the pea seeds to decay 
in soil naturally infested with Fusaria^ Pythium iiliimiim, and Rhizoctoniu 
solant. U.B.K. No. (i()4 appeai’cd to provide slightly less protection against 
these fungi, while Ceresan and Semesan Jr. were signifu'antly inferior to 
both Arasan and Sjiergon. 

AcnncuLTi’RAL Kxi'ERiMEN'r Station, 

Geneva, New York. 

LITERATURE (TTEI) 

1. pAVi.rs, (t. T. S., K. S. Dksiifaxih:, mikI I. F. Storkv. of seed troatmeut on 

onuT^o'iH'i* of Ann. Appl. ni(»l. 30: lO-.O. 

C. Hn inioiTZ, W. F. Sor^liuni scimI treatment. Soiitli Dakota Agr. Kxp. 8tat. Circ. 51. 
1044. 

(’h'f).siFH, WiLLAKi). ()('('uin'iic(‘ aud longovitv of Asntrhifta pisi in sceils of hairy 
voti-'li. .Lmr. Agr. Kes. | U.S. ] 59: (»83“-i)9S. 1940. 

4. ('HOSIKK, WlOLAKO, STKWART Patfu'k. Fhcmi('al eliniiiiation of .sapro]»hytes dur¬ 
ing ]al)or,’it(ti\ grrininatioii of simmI j>(*as. dour. Agr. Res. fTL8.j 58: 397—422. 
i939. 

7). llAV, \V. D. J,nl) tratdry and fiel<l genniiiatitui of infetted beans: effectiveness of seed 
treatineiits, I'roc. Assn. Off. See<l Analysts X. Ani. 1930: 80-Sl.'. 1938. 

0. lloi’i’K. P. K. (’oinjuirison of eert.iia niereurv and uoii-uudfUlic dusts for corn seed 
tiv.'ifinent. I'liytopalli. 33: OOiMiiu;. 1943. 

7. Mt sKi’/i'I'. A. K., :m<l .1. ('(U.norN;. IbevAuitioii of seed bi>jne diHeas(‘s of fltix by seed 
disinre«t ion. Aim. Ajipi, liiol. 30: 7-1S. 1943. 
s. iV'.'i'iJicK STi WAiri’, Kiid WiLi.AKi) ('itosiF.K. iuMueuce of clu'inieal .‘ind tliennal treat- 
numts oil infertion of crueiferous si-edlings by AUf rimria spp. and Hhi^opuf^ 
I'riM'. Assn. OIT. Need .Analysts X. Am. 1939: 110-129. 1940. 

!b I’oK'i'FK, li, M. b’elatiou of set‘d disiufeet.Miits to set'd aualvsis. Proc. Assn. Off. Seed 
Aualvsts Am. 1935: Oib-UU. PCW*. 



THE EFFECT OF IILTRAVIOLET RADIATION ON THE VIABILITY 
OF FUNGUS SPORES AND ON THE DEVELOPMENT 
OF DE(^AY IN SWEET CHERRIES 

H A it li K E N G L 1 s II A N 1) F I S K (1 K R 11 A R I) T 1 
for pnblicHtiou August 1, ItMo) 

Tlie (levelopineiit of dtray in sweot clun-rios during tlioir trans¬ 

portation and marketiiig eonstitutes one of the most serious problems that 
confront tlie sweet-clieTTv industry. A number of conditions <*ontribute to 
the incidence of rot, and freipiently the most ini])ortant fatdor jinHlisjiosing 
cherries to infection is the cracking of the skin by rains which oc(*ur as the 
fruit approaches maturity (11). Practices tliat are frecfinmtly emiiloyed 
to control decay in sweet cherries include ( /) the [>re-liarvest a|)])li(‘ation of 
fungicidal sprays or dusts, (:J) careful handling to avoiil unnecessa?*y inju¬ 
ries, (^.V) sorting to remove damaged and inft‘cted fruit, (;') prompt storage 
under refrigeration, and (/T) tlie use of carbon dioxide gas as a supplement 
to transit refrigeration. These methods ail* ordy partially effective, and thi* 
sweet-cherry industry is (‘onstantly looking for new and mori* effective means 
of reilucing its losses from decay. 

During tin* IIG-I season a few |)a(*kei*s of swt‘et cln*rries in the Pat'ifit' 
Nortliwest installed apparatus of the latest type for irrailiating* tlie fruit 
with ultraviolet light, as a im*ans of controlling (h‘cay. In the absence of 
factual information either on the injuriousness of ultraviolet radiation to 
sw’eet clierri<‘s or on its effectiveness in controlling dt*cay, a scri(*s of tests 
was (‘ondiK'ted, the results of which are hennn reported. 

mTi:K*.\;rriU:: iti.viiAv 

The lethality of certain wave lengths of ultravioh*t light to ba('teria ami 
fungi has long been recognized, and in recent years attemi>ts havi* been made 
to utilize radiation of this type for llu* commert'ial control of umh‘>irablc 
micro-organisms. Fulton and Uoblentz (!>), using a (piartz im‘rcury-tung- 
sten lamp, tested the killing effect of ultraviolet radiation on the sj»or<*s of 
27 species of fungi and also det(‘rmim*d its efficacy in the control of fungus 
decay in citrus fruits. Although tiie rays wt*re able to destroy a high tier- 
<*entage of the spores on the surface of oranges, the tinal aiutuinfs of rot 
during a simulated marketing period were very much the same in tin* treat<‘d 
and the untreate<l lots. 

In recent >ears improv(*d ultraviolet germicidal lamps have been devel 
oped whicli restrict most of the radiation to a w’ave length of 2o:t7 A.F. (M). 
Kays of this tvfie arc Jiighly effective in tlie destnu'tion of bacteria and 
fungi, and iiunierous aiiplications of germicidal lamps for the csmimercial 
c(>utrol of contamination lr\' micro-organisms havi* Iiemi made, Tliey liave 

> AHsistJiut f)atliologist and physiolijjriHt^ rcwpcctivcly. Division of Fruit and V<‘gctal>lc 
Crops and Diseases, P.ureau of IMant liidustrv, Soils, and Agrieultural Engiiu'cring, .\gri 
cnllural Research Administration, I'nitod State.s Deymrimeiit of Agriculture. 
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been (‘inployed in the bakiii*^ industry (16), in cheese manufacturing and 
meat storage (8), and ret-ently in the maniiracture of ])enici]lin (12). Gar¬ 
rett and Arnold (10) I'ound that 2587 A.IJ. radiation offered promise in the 
sterilization of dairy (Mjuipment, and Kligman (14) pointed out its useful- 
mss in the laboratory. 

There apparently have been few successful ap])lications of ultraviolet 
liglit for tlie control of bacteria and molds in fresh fruits and vegetables, 
although Ewell (8) has stated that ^‘Losses in carload shipments of celery, 
et(',, have bciui gn^atly reduced by sterilizing the surface water used for 
washing l)y similar fSterilam])) ultraviolet radiation.^’ De Ong (4) has 
suggested the use of tlu'se rays for the ('ontrol of fruit decay, but no fui’ther 
reft*ren<*f‘ to the ai)plicatioii of ultraviolet light for the rfRluetion of spoilage 
in fresh fruits and vegetables has been found. 

The injurious efferd ol ulti’aviolet radiation on higher plants has been the 
subject of numerous investigations but no information on the .sensitivity of 
eh(n*ri(*s has been locat(‘d. Fult<m and Goblentz (9) reported that dosages 
of ultraviolet light lethal to a high percentage of spores of Penicilliion digi- 
idtffnt (‘uused no evitlent delet(*rious effects in oranges, and De Ong (4) 
ohserv(Hl no injury to apricots, plums, and berries treated with this radiation. 

MATERIALS AND METHODS 

The tests w(‘r(‘ condmded in a eommendal sweet-cherry packing plant in 
whicli ultraviolet lami>s had been installed for the express purpose of reduc¬ 
ing d(‘cay. Tlie a])i)aratns was designed and installed so that, theoretically, 
the fruit would he fre(‘d of viable fungus sj)ores, and thereafter, until pack¬ 
aged, would be i)r()t(‘(*ted from reeontamination. A battery of eight 3()-ineli 
lam I IS was iiistalh'd so as to irradiate a r2-foot section of tlie fruit conveyor. 
The first four lami)s were IS ineln^s from the belt and the last four were 25 
iiK'ht's from it, Ibdlectors coated with aluminnm paint directed the radi¬ 
ation downwards onto the fruit. The coiiveyoi* was constructed so that many 
of the cber]*it\s w(udd be turned over wln*ii approximately halfway through 
the irradiated .seetion, thei*eby enabling the light to contact directly most 
of the .surface of the fruit. Under (^ommereial operation the speed of the 
eonveyor Avas adjusteil so as to irradiate the cberries for 25 seconds. The 
belt extended forty-(Mgbt feet beyond the outlet of the battery of lamps so 
as to provide spaee for sorting the fruit. To lower the population of air¬ 
borne spores in this seed ion of the paeking room, and thus to protect the fruit 
from recontaniinatioM, 12 lamjAs Avere installed approximately 7 feet from 
the flotir on each side of the eonveyor. They Avere ecpiipped Avith reflectors 
to direid the rays uAvay from tlie Avorkers and tlie fruit. 

The 80-watt lanijis employed in the present installation are known eom- 
menrially as “Uviare'^ germicidal lamps. Practically all of the nliraviolet 
light transmitted by them lias a Avave lengtli of 2587 A.U. A complete dis¬ 
cussion of tlie siiecifications and eharaeteristics of these lamps is presented 
by Ihittolph (8). 
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Tu M study of the lethality of ultraviolet radiation to i*iiii»us spores, the 
following* seven fungi, all of wliieh eause decay in sweet cheiTi(*s, were em¬ 
ployed; Alfcrnaria sp.y Boiryiis cinei'ea Fr., Cladosj^orhim hcrbarum (Fr.) 
Lk., Penicillivm ex pansum Lk. emend. Thom, P nil ul aria sp., Bhizopus sp., 
and Sclerotinia fructlcola (Wint.) llehm. The si>ores of these organisms 
were washed with sterile distilled water from colonies that had develo])ed on 
nutrient media (Bacto potato-dextrose agar) during an in(‘ul)ation ])eriod 
of three to four weeks at 65^ to 80" F. In preparing the spore sus|>ensions 
of Aifernaria and PeniciUlum, a wetting agoiit (AVedsit Foneentrate, at a 
dilution of 1 part to 1400 parts of water) was used with no evident inhibition 
of spore germination. However, when it was found that this material ]>re- 
vented germination of the eonidia of Sclerofinia fruciicola its use was dis¬ 
continued. After the spore suspensions had been diluted to the desir(*d 
concentration (approximately 200 spores per ml.) the surface of sterile agar 
plates was flooded as uniformly as possible with 1 ml. <vf the suspension. 
This is essentially tlie same teehni(pie as that em]>loyed by Fulton ainl 
Coblentz (9). That reliable results are obtainal)h‘ by this method is shown 
by the work of I{ents(‘hler and Nagy (IT), wh^i idund that the sensitivity to 
ultraviolet irradiation of bacteria in tin* air and on tlie surface of agar was 
the same. The seeded Petri dislies, with the litis removed, \ver(‘ expost‘tl to 
ultraviolet radiation for periods varying from 30 seconds to o minut*'s. The 
lam])s Avere 18 inches above the tri])licate (odturtvs employed for ea<di treat¬ 
ment. The plates were iiKoibated at 70"~74 ' F. and the nnnii)er of (*oIonies 
that developed in ea(‘h was determiiud. Nonirradiat<vl })lates ser‘\ed as 
controls. 

To determine the (‘fiicacy of a battery of }amj>s f instalh‘d IS incbes above 
the conveyor) in sterilizing tin* surfa<‘e of the belt, the lattei* was lightly 
scra])ed after having been irradiatt»d in a fixetl |)osition for lb ininiitos. The 
scrapings Avere traiisfeia-ed to agar platos and the viability of tin* material 
Avas compared with that of similar transfers mad(‘ from a p<n*tiofi of the <*on- 
A cyor tliat had not biMni ex|>o.sed to ultraA iolet light. 

Tlie efl'-eetiveness of the lamps installed above the sirrtiiig l»»‘lt ifi lowtuang 
the population of viable air-boi*ne spores was asi-ertained after the lamps had 
been in eommereial operation the gi-eater part of one day. Five Petri disln*s 
containing sterile initrient agar were placed on the sorting ladt at apjU'oxi- 
mately equal distances throughout its length. The plat<'s were exposed for 
5 minutes, and after a suitable incubation period tin* ctdtures were <*\amiin*<l 
for the presence of fungus coloni(‘s. A comparable series of plates was 
exposed in a nonin adiated stMUion of the room. 

Tavo types of tests, one with artificially inoeulat(‘d cherries and the other 
Avith nattirally eontaminat(*d fruit, Avere eondueted tr> determiin* the efiicaey 
of the lamjAs in ledneing decay. In the form(*r P‘st. .sound Ijambert cherries 
Avere disinfected ])y immersion in a 1 : 1000 solution of imvrcuric chloride, and 
then thoroughly rins(*d in sterile tap water. After tin* stems had been 
puned, tbe fruit was dipped in a suspension of s|>ores of P( uiviUium ex- 
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pamuMf (h'ied, and divided into 4 lots (eaeli ('onsisting' o! three lOO-fruit 
samples). The clierri(*s were placed in a sinjile layer on the conveyor belt 
and irradiated i‘or 0, 0.5. ], and 5 miiiiit(‘s. The conveyor was operated 
under simulated commercial conditions. The cherries were stored at 40° F. 
for 10 days and reniov(*d to (if)"" for 8 days (equi\'alent to the time normally 
rerpiired for shipments to rrach New York City and for sale throup:h retail 
channels) ; and tliey we?*e then examined for stem-end infections. At both 
temperatures the relative* humidity was maintained at 85 to 90 per cent. 

In the te^sts with naturally contaminated cherides, 3 lots of fruit from 
different Io(*alities of’ north central Washinjifton were used. The first lot 
consist(*d of Binj*’ ch(*rries jznrwn near Malajra. This fruit was x>ieked 4 days 
aftei* a h(*avy rain and had a hi<j»li percentajre of skin cracks. Lot 2, from 
the (fiu'lan district, comprised Lambert eherri(‘s with relatively little rain 
(iama^^e. Ijot 3 consisted of' the same variety from the Sciuillclniek (hmyon 
m*ar Wenat(‘lH‘e. This iruit was harvested 35 days after Lot 1 and showed 
no (‘videmee of rain injury. Tlie decayed and otherwise l)adly damaged 
ch(‘i*ries were removed from all lots, and the ]*emainin^’ fruit was typical of 
that b(‘in<? pac'ked conimei*(*iall\'. Each lot was thorou.i:lily <*omposited, 
stored at 50'' F. for 24 to 36 hours, rlivided into the ninnbei* of triplicate 3.5- 
to 5-])ound samples recjuisite for the ti’eatmeuts. and exposed to ultraviolet 
radiation in the saim* mannm* as describ(‘d for tiie artificially inoculated 
fruit. The samples, unless otherwise sj^ecified, were then stored 10 days at 
40° witli a relative humidity of 85 to 90 per cent. All lots were examined 
on removal from (*old storajr(‘, and Lot 1 was inspected acain after 2 days 
at <>■)'. 


RESULTS 

Vidinlihi of S}Hir( s Jrradnif( (I in Pilri Dislu s. Tin* data in t;d)le 1 show 
that fuimi flitlVr mai’ke<lly in resistance* to the letiutl action of ultraviolet 
radiation. Based on tlu'ir reaction to tiiis lijJrlit, the orj>anisms tested can be 
^n'ouped into 3 rather* tlistim*! classes, namely, liijrhly susceptible (PinieiJ- 
Jinm f.ri'(:nshin), lii^hly ]*(‘sistant [ Alh r}niri(i sp.), and intermediate (the 
rc'inaiuitie' fiv«* futui’i tested). Approximately 92 })er cent of the conidia of 
P. (.rpatisHtH were killed dui*iim- an exposure of 30 seconds, and all were 
destroyed in 2j minutes ( Fi^*, 1). In the ease of none of the other funci was 
total dostru( lion of tin* spores achitwed, even duriinj an irravliatioii period 
of 5 minutes. 

A sliji'ht r('du(*tion in the number of viable spores of Pnllularia occurred 
durim^' an exjrosure of 30 seconds, but (nie or more* minutes were necessary 
to cause a sicnifirajit decrease in the cvrniination of the spores of the 5 re¬ 
maining* molds. 81i‘>htly over half of the spores of Pnllnhiria and ScU ro- 
iinia wer(* kilh‘d in 2! minutes, but a similar reduction in the viability of the 
coiddia of Cladoapoi'ium herharum retpdred a treatment of 5 minutes. The 
s|R)res of Alivnujria were by far the most resistant, only a few beinu: de¬ 
stroyed by the maximum exposure of 5 minutes. 
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The s|)ores of CJadospoj'ium aiul AUvrnaria arr» dark, whereas tliose of 
the other fiiiifii tested are liyaJine or relati^'ely li^ht. Tlie resistanee of 
dark-watl spores has been observed by other workers (0, 19), and Dimoivd 
and Dnjiji’ar (6) siijrgest the ])ossibitity that snseeptibility is infineneed by 
siudi faetors as ])i^‘ntentation, s])ore size, and nviinber of nnelei. When tin* 


TAItLE I.— Thr cff'crf of uUmriohi radiation 
arrcral fnniji that ransr drrau of sirrrt rhorrif s 

oa thf viahilitif of 

Ihc sports 

Fungus 

Irradiation 

(5>l()iiies per 

Sjiores 

period 

l*etri dish 

killiMp 

----- 

. — .. - . . 




Min ntf s 

Mfon nil nth or 

/O r rrnt 

Alftrnoria sp. . 

0.0 

tOS.7 1 4.011' 

0.0 

o.r> 

lit5.7 + 7..SS 

l.S 


1.0 

100.7 + <i.O! 

0.0 


2.0 

175.0 -4-0.0! 

0.0 


.l.O 

155.0 + ;{.oe 

* 0.5 

Bofrjftis cinn'ra . 

0.0 

S1.7 ± 4.0S 

0.0 


O.o 

70.7 2 . 5:1 

0.1 


1.0 

7S.5 f 5.50 

7.5 


2.5 r 

72.5 4 4.50 

14.4 


5.0 

25.5 1 2 . 1 s 

* 70.1 

(l<Klfhs/toriam inrbarHm 

t>.0 

2:{(‘.7 1 2.02 

0.0 


l».5 

21.S.0 4- 7.0<o 

575 


1 .<» 

220.5 *• :;.S4 

* 4.5 


.> - 

1 74.5 ^ s.oo 

24.4 


5.0 

104.0 4 2.51 

’ 54.*0 

Bf niciliinm r.rpansyni 

0.0 

1-54.0 1 4.10 

t».n 


0.5 

1 l.t) f 1.00 

" 01.8 


1.0 

5.5 5 1.10 

* 07.5 


2.5 

0.0 

100.0 


5.(} 

0.0 

* loo.o 

Pidlularia sp. 

0.0 

252.0 t 1 . 7 :; 

0.0 

0.5 

1 SO.7 7 7.‘to 

24.7 


1.0 

170.7 ± 4.so 

" 2S.7 


2.5 

105.0 1 14.0.4 

* 58.:; 


5.0 

75.0 4 - .5..*io 

* 7»».2 

Jthiiopufi sp. 

o.e 

25.0 4 -j.es 

0,0 


0... 

20.0 4 1.52 

20.0 


!.(• 

10.7 4 li.io 

2 1 .:j 


2.5 

t- 1 1-10 

" 81.- 


5.<» 

J.O 4 

* 00.0 

Sol/ rotirua f rurtic<da 

0.0 

•so.7 It 1.11 

0.0 

(Monilia sta^c) 

0.5 

S7.0 ± i.7;i 

:j.o 


1.0 

s.o,;; t :i-5s 

0.4 


2.5 

:is.5 4 ij.o;; 

* 57 .:t 


5.0 

1 2.0 4 . 

' 80.0 


^ m.'irk-a with nn .'ist(‘risk aitP-r sijxuific.'Mil I v froin tkr <M*ntr(»ls. Ofids 

of I VP- 1 or ^n'at<*r. 

•> St;jh(l;n‘<j error. 


poor ponetration of the ultraviolet ii^hl. and tlie dark <*o|or and niiiritorin 
striieture (>f tiie eonidia of Alff rnaria are taken into eonsiderat ion. it is not 
at all surprisini^^ that this riinons proved so resistant to irrattialion. 

As previously stated, the installation of ultraviolet lamps and the eonn 
mereial opei-ation of the eonveyor were sneli that the fruit would reeeive 
irradiation for only 2o seconds. Furthermore, tin* conveyor was desijrned 
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so that some of tfie <'li(*rries would be turned over after having traversed lialf 
the distance of the irradiated section, thereby ex})osintr some i)arts of tlie 
fruit for oidy 12^ seconds. The data in table 1 indii'ate that F( ructUiu)ii 
cxjmnsum would be the oidy funjrus ai)i)reciably affecied by this treatmeiil. 
However, sinc<» tliis organism is not the })redominant cause of spoilajre in 
sweet cherries, it ai)j)ears doubtful that effective control of de(*ay shoidd be 
expectc'd without ^freatly extending the ])eriod of irradiation. 


r' 



L 


FlCr. 1. Ffl’cct of iiltrMviol(‘t on 2 chorrv vnt>l<ls. A. P< viriJUum r,rpanf(Kt)t : 

nt loft inodijitod 2k iniiintos, nonirradiatoci rliook at l'», Alttrnaria sp,: ydate 

at l<’ft inadiatod o mimU«‘s; iionirradiatod (du'ok at Xott' votardation of j^rowth 

and ])i.Ljmoma1 ion in troatod onituro of Jlirninria. 

During'' examination of the irradiatiHl and control cultures, it was olv 
serveil tliat (‘olonies developiiiyr from spores that had beiui ex|>osed to ultra¬ 
violet lij'ht were smaller and less ])i<rmented than those t>i‘Dduced by non- 
irradiated sytores. Tliis condition was first observed in cultures of Altc- 
naria (Fi‘»'. and at tliat time it was thoniihl that the apiiarent inhibition 
of jiTowth mi.irhl liave l)een due to a killing of the more exposed cells of the 
spore. However, when tin* same etfeet was observed in colonies formed by 
the other fun^i, most of which had ase])tate spores, this theory had to be 
abandoned. It was found that the amount of inhibition was directly related 
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to tlio period oi‘ irradiation. Also, the different funi*! varied considtvrably 
in the def>‘ree to Avhitdi they were retarded, the (*oloiiies ol* PcniciUlum cx- 
pansinn beinii (M)iisiderabl\' dwarfed by an exposure of 25 seeonds, whereas 
those of CladoHp(miim hcrharum re(piir(‘d 2.1 luinntes for a notieeable redne- 
tioii in rate of growtli. In addition to tlie retardation of vef»:etative ‘»:rowtli, 
there was a eonenrn‘nt laj^* in the formation of reproilnetive bodies. 

Delayed spore <.»ermination resulting from the aetion of ultraviolet lij.rht 
lias been obser\ed by Dimond and Diijigar (5), and Iventscdiler, Naj>*\% and 
Mouromseff (18) have rc^porti^l a retarded development of baeterial colonies 
following- ex])osure to this type of irradiation. Other workers (1, 2, 15) 
have shown that 2537 A.U. radiation alters agar-water gels to sneli an e.xtent 
that they are less suitable for the development of e(‘rtain bac'teria, tlie inhibi¬ 
tion being due, at least in |>art, to an increase in acidity of the medinm. It 

TAIUjE lI.— The mauht r of riabh air home fmuiuH on at/ar platos (Xjutstd in 

irradialt (I and nonirradiated scrtionn of the packimi rooio'^ 


liOcatioii of agiir pkite.s 

Plate number 

Colonit‘.s*’ ]>er jdate 

Irnoliatcd section—on sorting belt 

i 

o 

i:? 

17 

‘JM 


4 

0 

15 


Average 

bS.O 

Nonirrndinted .section- j 4t elevation 



comparable to sorting bt'lt 

b 

no 

10 


S 

14 


a 

1.M 


10 

IS 


Average 

is s 

a 8[)oreH allowed to settle on nutrient 

agar |>Iates for o minute 

’S. 


The genera olitniiied wen* principailv JxxtiriUin oi, Hoith* AUvi naria, ( Indo- 

sporium^ Oosporn, PidlnlariOf StompJtpUnm, ;ind n few niiidt nt ififd ferins. 

is not known whether the retardation of colony formation oliscrved in the 
pre.sent study was dne to the direct action of the light (»n the fungus or to 
.some alteration of the substrate. Possildy Imth I'aetors wert‘ o|)eralive. 

Viubditif of Hpons rni Irradhiial Fniif Ponrejfor, Material lightly 
scraped from 10 positions on the snrfai't* of a portion of the fruit (‘onveyor 
that had not been exposed to nltraviohd railiation yielded fungn^ growth in 
i*ach instance* when transferred to nutrient agar. Similar material from a 
portion of the belt tliat had been irradiated <*ontinuously for 45 mimit(‘s 
produced'colonies in 7 out of 10 transfers. The fungi isolated from the 
irradiated section included one or m(»re speedes of Ali( rnana, Peiilcdlann, 
Pullulona, and ^t( mpluiinno, all of w hi('h are known to cause decay of sweet 
irdierries. Tin* same orgaiiisms, with the addition of Clndosporintn ami 
Mucor, w^ere obtained from the nonirradiated portion of the conveyor. 

This test indi(*ates that some of tin* fungus spores on the trea1(‘d portion 
of the conveyor were destroyed, but it also shows that much viable inoculum 
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st ill reinained. A qiiantitativ^e test to determine tlie number of ^(‘rrninable 
spores on the irradiated and nonirradiated portions of the belt was not made, 
but judging from the data of ta])le 1, it would seem that most of tlie exx)Osed 
spores would be kill(‘d by treatment with ultraviolet light for 45 minutes. 
However, the mesh of the fabrie belt, .juiee from injured elierries, dust, and 
other (‘xtraneous material would tend to protect some of the spores and thus 
rediK'e the effectiveness of the treatment. 

Ejjf cl o/ Radiation on Air-horne Sporesi. Tlie data in table 2 indicate 
that the ultraviolet lamps installed above the sorting belt did not reduce 
appreeial)ly the numbei* of viable fungus spor(*s being dei)osited in this sec¬ 
tion of the paekiiig room. Evidently the radiation did Jiot contact the spores 
for tlie n(‘eessary lethal period. Also, inasmuch as the iippm* air in only 
about one-fourtli of the room was irradiated, it is highly jirobable tliat spores 
from nonirradiated areas were <leposited on the sorting b(*lt. Tlie conidia of 
PvnivUlinni, which previously had shown little resistance to ultraviolet 
irradiation (Table 1), weri^ found to be tlie ]>r(‘dominant viable type settling 

'’rAMLK (JJ'tci of ullraviohl I'adiiilwn o/i ihr ^rrdopmnit of hluc-rnold 

(It cdi! ui artifu'iaih; i'lori/laO d sw/u f ('h( rrit 


.1 rrMdiMtiou jM'riod 


.\ V. wt. of d 

fruit sa undos 


r)ei*a}“ 


.s 

a ram ft 

(O'ums 

Per cen t 

e.O (('ht'ck) 

l‘7u.7 

832.7 

87.4 

e.r» 

JlL'g.e 

849.3 

91.4 

].(i 

aio.e 

8.17.0 

89.8 

r>.(» 

aia.e 

836.3 

91.0 


I.;ontM*rt with tlu ir steins removed, were dipped in a suspension of spores 

of I*< HiviUnnn ixpunnum, irradiated, and .'tored for 10 davs at 40^’ F. jdiis 3 dav.s at 65^. 

oti tlie sorting lieJt. It is obvious that the limited radiation emj)loyed would 
fail to proteM't elnuTies on the sorting belt from reeontamination by air-borne 
si)or(‘s; how(‘ver, if tl)(‘ air of the (‘iitire room were irradiated some x)roteetion 
eon Id logically b(* expt*eleti. Whether tins lU’oteetion would be of eom- 
inereial signifi»*anee 1ms tint betm ilemoustrated in these ex^Hunments. 

Jilin-oodfl Dicaif In Inoculated Rherrics Treated with Ultraviolet Light, 
As shown in table 5, it was impossible to obtain eontml of decay in injured 
clierrit's that had been artitieially inoculated with the spores of Penicillium 
e.rpansnne The maximum irradiation |)eriod of 5 minutes, which W'as 12 
times as long as the eommereial exposure, failed to effect any reduction in 
the amount of rot. It is recognized that eonditious were extremely favorable 
for ill feet ion ami for jiroteiUion of the sjiores from the radiation; how'over, 
openings i*esuiting from the aeeideiital removal of stems constitute one of 
the important avenues of infeidioii in sweet cherries. The spores of P, e.r- 
pajisuni have little resistance to ultraviolet light (Table 1), but under the 
eonditious of this test—aidually not different from severe natural condi¬ 
tions—tlie radiation in lethal dosage evidently failed to reach the spores. 
These results emx>hasize the fact, evidently largely overlooked by those pro- 
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Jiioting’ the use of ultraviolet lij?ht for the eoutrol of fruit decay, that the 
destruction of exposed funj^us spores in Petri dishes is a distinctly diifercuit 
problem from tlieir destruction in favorable infection courts in plant tissue. 

Effect of Irradiation and Storatje Tcnijx rainrr oh the Decay of Naturally 
Inoculated Cherries. In tests made with 3 lots of sweet cherry fruit that 
differed markedly in their suscei)tibility to infection, ultraviolet radiation 
was totally ineffective in reducing’ <lecay (Table 4). Negative results w(*re 
obtained when cherries were exposed to tlie li^dit foi* 10 minutes, a period 


TAIVI.E 4 .—The efjf'ert of idiravlolrt irntdlatUn} and .shtniro (t mprrafnn on the 
derail naturalti/ inoridated aireet cherries 
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24 times as Imitr as that use<l r<»mmen'ially. Lot 1 iiad about the maximum 
amount of rain-damaged fruit that ordinarily woidd Im* tolm’ated in rom^ 
m(‘rcial handlin^^ and tlie decay tliat deve}opt‘d in this lot t*mf)hasizt‘s the 
hazard connected with the s}ii|»nient to eastern markets of this class of 
cherries. The fruit of Lot 2 was of exceptiojially tine rjualit v, and had a cull 
jrrade of only 2 per cent when received from the grower. If the p<*rc(Mitaj.:es 
of decay appear unduly hi<:h, it is InM-aiisc injured fruit with mycivlium 
visible to the naked eyt* on the ex|)osed tissue, l)ut without cvi<lent ]>enetra- 
tion of the sound flesh, was <dassed as fl(‘cayed. 

The importance of proj)er lowerinji- of transit temperature in the control 
of brown rot and blue-mold rot of sw(*et (diei-ries has |)reviousI\' l)e(‘n dis¬ 
cussed (7). The stimulatory effect of relativ(*ly hi^di storaire tmiiperature 
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(50^^ F.) on the (le\(*lopment of natural rots is sliown in table 4 (lots 2 
and 3). Irradiation of the fruit uj) to 24 times as lonj^ as is eonimereially 
|)ra(*tir*ed failed to reduce decay, whei^eas a difference in temperature of 10 
dej^r(*es F. for only 5 days liad a sif^nificant influence on the amount of spoil- 
a<»‘e. Ultra violet radiation, as used in these studies, appears to offer little 
if any promise for the control of decay in sweet cherries, whereas the mainte¬ 
nance of proper storaj^e and transit temperatures definitely reduces such 

]()SS(‘S. 

One of the (juestions rais(*d by soim* of the handlers of sweet cherries 
j)rior to the installation of ultra\’iolet-ray e<|ui])ment was the possible injuri¬ 
ous effcM't of' this radiation on the fruit. (-arefid examination of the irradi¬ 
ated cherries and their st(‘ms failed to show any evidence of injury, even 
followiim' tlie maximum periods of exposure. Similar results with oranjjres 
were ol)tained by Fulton and (^)hlentz (9). 

DISCUSSION 

It has been found that the sjmres of tlie more common fun*ri causing 
decay in sweet cheivries can b(» destroyed by nitraviolet radiation if the re- 
(inirements foj* |)roper wave length, intensity, and ])eriod of exposure are 
fulfilled. AVitli inf(n*mation such as this at their disposal and with the 
kno\v le<l^e tliat in feet ion <loes not occur unless spores ('onie in contact with 
fruit, some individuals have assumed that in*adiation of eontarninatod ])lant 
material would lai’j.iely prevent the development of decay. The fallacy of 
Mic'li n‘as(»iiiim has Imeii sIkavii in the ]u*eseut exi)eriment by irradiating arti¬ 
ficially and naturally contaminated cherries for ])eriods considerably loiiirer 
tljaii necessary to kill most t>f tin* exposed fniiiiius spores, it is tlie spores 
that have licc-oim* lodged in rujitnriN in tlie skin of the fruit tliat are lari>‘ely 
responsible for de('<iy, and these ai’c tlie ones that ultraviolet lijilit seems 
im'apahlc (d* rcaidiiinj'. Evidently most of the injury and eontamination of 
tlii‘ fruit occurs jirior t<» tlie time it is unloaded at tlie jnudviiiii plant, and tlie 
snl)st‘()m*nt jiartial disinfectiim^- of the cherries by irradiation has no appre- 
<*i;d)l(‘ (dlV'ct on tiie dev elopment of decay. 

Apph‘s hccome heavily contaminated witli fuimiis spoi*es in th(‘ orcliard 
(13 ) and there is litth‘ donht that cherries are similarly inoculated. This 
('ondition is entirely fliftVrent from that in bakeries and many other food- 
proe(‘ssiim jdants in vvliicli the orijrinal })ro(lnet is essentially free from 
sport's or bat'teria, ami tlie problem is to protect it from eoutamination. 
Here tin' use of ultraviolet radiation to lower the population of spores in the 
air and on eipiipment would be expected to prove lienefieial. 

As a means of steriliziujr the fruit conveyor, ultraviolet lip:ht proved 
partially eff(‘ctiv(*, and if the u|)per air in the entire packing’ room liad been 
(‘ontinuously irradiated there is little donht tliat the population of air-borne 
si>ori's would liave been ri'dueed. However, from the results obtained in the 
]vr('sent experiment it appears doubtful that either faetor would appreciably 
atTeid the amount of decay developing in sweet cherries. 
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SUMMARY 

The etreet of ultra violet radiation (wave length 2537 A.II.) on the spores 
of 7 fungi that cause decay of sweet cherries, and on the developnieiit of 
decay in tins fruit was deterniined. 

The fungi showed extrtuiie variation in the susceptibility of their spores 
to the lethal action of the radiation. Most of the si>ores of PniicilliuiH rx- 
pansHni were killed in 30 seconds. Avhereas only a few of the conidia ol‘ a 
species of Altcruavia Avert* destroyed after an exjAosure of 5 minutes. S})ores 
with dark-color Avails showcii greattn* resistance than those Avith light-color 
walls, (■olony formation from irradiated sjuvres that Aveiv* not killed was 
noti cea bl A' ret a rt let 1. 

Tlie Auable spore-lt)ati on the fruit conveyor in a ct)uimert'ial sAvtM‘t-chtM-ry 
packing |)lant Avas reduced by exposure to ultraviohd light, but tlie number 
of living air-borne si)ores in an irradiated setdion of the packing room did 
not differ significantly from tlie number round in a poidioii of the room that 
receivetl no ultraviolet treatment. 

Blue-mold decay in artificially injured^.and contaminated sAveet ('lierries 
Avas not reduced by exposure to ultravioletMight. 

Natural decay of sweet ('berries Avas not controlled hy ultraviohd radi¬ 
ation, cA’cn though the ])(‘riod of exjiosure Avas exteudiMl up to 24 tinavs that 
employed commercially. As used in tiu'se studii^s, ultraviohd light app(*ars 
to offer no promise for the control of d(‘(*ay. Avhm’c'as the maintmianci* of 
proper storage and transit temjieratures definit(‘I\' rcdiu'cs losses from decay. 

BiuuvAr OP PiiANT Industry. Soils, and Agricultural 
Enginkkring, 

United States Depart.aient ok Aghd ui/m iu:. 

WENat(u 1 EE, Wash 1 ngton . 
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FIELD STRAINS OF TOBACCO MOSAIC VIRUS 


K . is r . , J 0 I I N S O X A X I > W . I ) . V A L 1. K A 11 

(Accoptod for puhlication August 10, l!>4r)) 

III the laboratory many strains ot* the tobaei*o-mosaie virus may be iso¬ 
lated from a g'iveii field strain if the virus of tlie field strain is “]>lated ouC’ 
on a necrotie-s{)ottin<>' varitdy of tobavc'O or eertain other s])('eies of Nivaiiana^ 
and transfers are made from individual spots to snseejitilile plants (2. 

(), 7). Tiiese isolants may be less a^^ji'ressive than tlu* original field strain 
and be outgrown by tlie latter wlien both are mix(‘d in a ^’'ivtai plant. Some 
of these isolants mi^ht be pnridy laboratory strains whieh eoul<l not survive 
in tlie field. As a result, perha])s, of sueh studies as tluvse, some laboratory 
workers not too familiar with tin* tobaei'o mosaic disease in the tiehl, liavi‘ 
taken the vii'w tliat there is but one strain, or at best only a few strains, of 
the tobaei'O mo.saie virus in the fi<‘hl. For exam{)l(‘. (»ne writer t 1 > states 
that by various isolation technii's, “literflly hundreds of ditfcrcnt strains 
can lie obtained"; yet, lie states, “when mie ^‘oes into the tiidd to obtain 
toba(*eo mosaic virus, one always tinds the same sti’ain in the tobacco titdds. 
AVhy? Tlie strain is nattirc’s fittest." This not imcoinmon vi<wv has le<i to 
a ereat deal of (‘onfusion in the literature. 

Several papers liavi* been published, in which the virus used has been 
identified by tin* term Tobacco Virus 1 or Nii*otiana Virus 1, inferring* that 
this deserijdion is sufficimit to ichmtify the strain in tlie future. Ity defini¬ 
tion Tobaeeo Virus 1 and Xieotiana \'irus ] include most of tlie field strains 
of the \ irus studied by virus w(»rk<*rs from the lime of Ma.ver to tlie jU'cscnt 
I 5, 8). Tlieri* is no way of knowing;- how many distinct strains (»f tin* tobacco 
mosaic virus have been studied tlurinp' this j»criod. When inoculations are 
made from eic-ars, cie'ai’cttcs. or othei- drie<l toliacco. isidatcd yelh)w spots 
often develop on the first invaded haves, indicatiin^ that yellow strains arc 
abundant in nature. Yellow and white strains arc also fre<{ucnt}y found in 
solaiiaeeous weeds jirowint.’' in old tobacco-^row iul^ areas. Moia* conclusive 
proof that numerous strains are established in nature is furnished if rollec 
tions are made from tobacco and .solanaccons w eisls in idd lobacro row ini:’ 
areas where tobacco is rotate<l with ‘.’■rass. thus allowin'^’ the pcrfuinial hosts 
to persist. Under tiies(‘ conditimis tin* [lerennial ,solanac(‘ous wimmIs Iiccouh' 
infected and act as reseiw'oirs of virus for y<*ars. 

Tobaeeo ]>lants also laM'ome infe(*te<l from dried mosaic lofaicro oj‘ pi’cvi- 
ous crops, from the Itands of w(»rkers. Infi'ction of sccdlinir plants by indi¬ 
vidual virus partieles may lie freipicul, and mutant strains, if iiresent. coiild 
become established in luire ctdtnre in individual jiiants. If tin* .strain Imp- 
pened to be nonajrjrressivc it mijrlit, in the lift* of a vi^u>rously ^^rowinjr 
tobacco plajit. produce a more a<i:<rressive mutant ami lie replacetl b\' it or it 
mijilit become localized and lost. If ajj-^^ressivc, tin* new straiii mi^dit lie 
spread by the usual methods iu the fi(*ld and beeonu* a w‘(‘ll-(*stal)lisli<*d fieltl 
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strain with no ehaiK^e ol' eonipetition from Jess vijrorous strains. In old 
t()bae('0-orovvin<r areas it is not unusual to find predominent strains on nearly 
every i'arm, strains whidi often differ from farm to farm. On lar^e farms, 
where mueh transicMit labor is used, many strains of the virus are found. 
It is thus possible for numerous mutant strains to become established and 
maintain tliemselves in nature. There is a(*eumulatin^' evidence that numer¬ 
ous field strains of the tobacco mosaic virus o(!cur. In 1928 Valleau and 
Johnson (10) mentioiu'd 4 distinct field strains, in 1930 Johnson (4) de- 
S(‘ril)ed 7, and in 1936 Valleau (9) dest'ribed 18 distinct field strains in a key 
which indicated the complexity of Die tobacco mosaic problem in the field. 

The purpose of tliis pajier is to jiresent additional evidence that numerous 
strains ol' the tobacco mosaic virus occur in nature and that these strains 
produce a complex of syniptoms in tobacco, variable both with tobacco 
variety and environment, whicli makes it nearly imjmssible to describe a 
virus strain witli sufficient clarity so that it can be identified with a strain 
<le.scribed by another worker. 

EX mCULM EXTAE EVIDENCE 

Four necrofic-spotting fX'X') tobacco varieties (11), Kelly and Judy 
( Burley ), Kentucky 120 and 129 (dark fire-cured), in the greenhouse, were 
inoc\dat<Hl in dupli('ate with dried material of 54 field collections of tobacco 
mosaic virus. Inoculations were in triplicate, on lielil-^a*own ]>lants of these 
varieti(‘s (except Ky. 120). with the 54 virus strains. Inoculations were 
also made to a non-iiccrotic-sj>ottinp: variety (Ky. 16 n'n') but many of the 
^'inlses a|)peared so iiiucli alike on this variety tliat it was not considered a 
{^00(1 t<*st |)laiit for showing- (lifferenc(‘s in strains. The dried samples nsc'd 
in thes(^ tests were (collected duriu”: the past 15 years from naturally affected 
tobacco |)lants from Kcutucky fields, with the followin<»’ exce]>tions: one eaeli 
from tobacco from Florida and Xorth (■aroliiui; 3 from garden pepper, and 
2 from rinfsulis sp. Included in tliese tests was a strain (Xo. 52 in table 1) 
of tobacco mosaic* virus from the 1882 buriey croj). ilany more field strains 
i>f tobacco mosa'c, appar(‘nlly different from those used in this study, have 
bc(‘n collei*t(‘d Irom tobacco plants and Aveed.s, indicating tliat tlie number 
of tobaccO'niosai<* strains of natural occurrence is almost unlimited. 

For convenience of desci’iption, the tobacco-mosaic sStrains are grouped in 
tabh* 1, ou tin* basis of symptoms caused in the necrotic-spotting varieties 
of toliacco. Ill the greenhouse the 54 tobacco-mosaic strains could be placed 
roughly in 19 grou|)s; however, no two strains within a grouj) were identical. 
Aff(*cted plants within a grou]) had the same geiu'ral tyyie of symptoms but 
there were* differences in color and distribution of mottling, degree of distor¬ 
tion, size and t,\ pe of local spots, and degree of dwarfing, that were observa¬ 
ble ordy by direct comparison. 

In tlie tiehl, symptom differences were greater and more varied. A iniiiU 
mum of 33 groups was reipiired to classify them. For example, in the greeii- 
house. collection 9 caus<‘d slight dwarfing and distortion and produced yellow 
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ring-like patterns in all varieties tested, Avliile in the field, the syniptonis were 
almost identical with those caused by “pure white“ mosaic (collection 1). 


TABLE 1.— Symptomf!^ coK.sfd hy firhi .sirains of iohacro viomic viriiti in nrvrotic- 
spotting (X'N') varieties of tobacco 
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“Pure white” mosaic did not bet'ome systemic in grt‘en]ionse tobac<*o plants, 
but in the field tliis strain beeame systemie ami (‘aused marked distortion. 












194()] Johnson and Valleau: Tobacco-Mosaic Virus 115 

All viruses of ju^reeiilionse iirronx) 4 caused marked dwarfinn: and necrotic 
streakin^^ of veins and mid veins of invaded leaves. None of these caused 
streak in the field, in this test, and because of dissiniilarity of SAunptoms, 
th(‘y were jilaced in 4 distinct groujis. Other strikin^r shifts in p:rouj)ing in 
tlie field are obs(Tvable in table 1. For examiile, the viruses of frreenhouse 
jifroup 14 formed 5 distimd <):roups in the field. 

The descriptions in talile 1 are not sp(‘cific enoufrh for identification of 
the viruses. They are ^iven only to show that many strains of tobacco 
mosaic exist in nature. This study indicates that it is unsafe to assume that 
one is workiu^»’ with the same tolmcco virus strain used by another worker 
mcu'tdy because it was obtairuMl from an infected plant in tlie field and com¬ 
pares faii ly (doselv witii publi.shed d(*s(U*iptions of symidoms on a sinj*'le 
variety of tobacco and under one set of environniental (conditions, iiarticu- 
larly if the desci’iptions an* bas(*d on the use of a non-necrotic-s]>ottin<r 
va]*iety (ii'i/) of 1o])a('co. Two virus(^s may appear identical on a non- 
in‘crotic-s])()tting variety, w]ier(*a.> on a necroti(*-s|B>ttinjr variety one may 
})roduc(‘ ne(*rotic s))ots and stn'ak, while the other may cause only mottle. 
Tho tei-iiis Toluicco Virus 1, (*oiiimon field strain, or wild strain of tobac(*o 
mosai(' ^'irns, if used to dcsi<^nate a specific virus (‘ommonly distributed in 
naturv, arc misleading'. 


Sl^MMAKY 

Fifty-four dri(‘d samj)l(‘s (tf tobacco, atfciucd witli tobacco mosaic, col¬ 
lected during 15 years iu Kentucky tobacc<» fields and elsewhere, were used 
to inociilatt* n(‘(M'oti(* spottiioj varieties ol‘ Sicoiiana iahacum in the <rreen- 
housc and iicid. The s>'mi)tonis caused by tficsc samples varied *H*eatly both 
in the prtH'iilionst* and field. There were all shades of mottlin^^ from pure 
while to dark jiin'cn, vai’ious deuret*s of distortion and dwarfinji;, various 
lyfK's and sizes of chlorotic and necrolii* local spots, and various d(‘oTees 
of l)urn. No two collections caused identical symptoms, either in the ‘’reiui- 
hons<‘ or field, alllKunrh .symptoms on re])lieate ])lants were idmitieal. (3n 
a basis of simih;'‘ity of symptoms and for convenience of arranjrimient in 
taludar form, the collecti<ms were placed in a minimum of 19 jjrroups in tlie 
.i!re(‘hhouse. Thirly-tliree ^roipis were the minimum into wliiel) the 54 
strains (M>uld he plaeiHl in tlie field tests. 

Most of th<‘se tobaeeo.niosai(‘-virus eolk'ctions, if on i/n" tobacco plants 
eonld, by deflnitiou, be eoiisidered Tobacco Virus 1. For this reason it is 
su.i!’eested that the use of the term, Tobaeeo Virus 1, in the sense tliat it de- 
serihes a spe(*ifi(* entity, is not justifi(*d imr is it desirable to use the terms, 
common field tol)ae(*o-mosai(» virus, or wild-type t(J)aeeo-mosaic virus to 
indi(»at(' a specific entity, for the same reasmi. 

AnKKUU.Tl’HAL ExmiKMMENT STATION, 

Lexinuton, Kentucky. 
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LEAFHOPPBK TRANSMISSION OF THE VIRUS CAIJSIN(J 
PIERCE’S DISEASE OP GRAPE AND DWARF 
OF ALFALFA 

VV M . li . II E W I T T , 1 li y R o N R . H O V S T O N , S O K M A N W . 

F R A Z I E It , ^ AN 1) .7 . II . F R E I T A G 4 

(A('C(?])ted for publication August 13, 1945) 

'J'his jiaper j)r(‘s(‘rjts mhMIkkIs and data maiitioiied in iireviously published 
abstracts on tlie findino- of leaflioppcr vectors of the virus causing alfalfa 
dwarf (b), the virus causing Piiuve’s disease of grai>e (3), and tlie associa¬ 
tion of tl‘e two diseases in the field (4). In addition, it describes the methods 
used in iiitortraiisiiiissitui exjieriinenis between alfalfa and grape, and the 
data obtained. 

LKAFIIOeCKR TRANSMISSION OF TllF ALFALFA DWARF VIRUS 

Weiiner i 8, 11, 10, 11) determined that the alfalfa dwarf disease was 
caused by a vans transmissible by grafting, that it s[>read naturally in 
experinuMital plots in the field, ami that it was apiiarently in.seet-transmitted. 
He vH) test(‘d siune insects, hut did not re]H>rt any traiismi.ssion. 

Tle‘ distribution of diseased alfalfa pJauts in tlie fields follows, as Weimer 
remarks, a (lattern imlieative of in.seet transmis.sion. During this investiga¬ 
tion, in new liivlds planted adjaemit to sevm’ely infested fields the disease 
could be round in tlie m‘w plantings on the edge nearest the older plantings 
within 8 to 10 iiionths after the new ones had bc^come established. This 
oet'urred wliether tin* new field immediately adjoined the old one or was sepa- 
I’ated fi'om it hv a roail oi* by othm* crops so that each field was ciiltiirally 
treated as a separatt* unit. \'irus-disea.se movement of this type points to an 
iiisei't as tlie vert<u\ 

As mentioned in an abstract (t>), tlu* results of held caging trials in 1940 
indicated that the Airus was transMiitt(‘d by insects. Two muslin-covered 
t*agcs wen cuustnictcd on laud not previously seeded to alfalfa, with each 
eagi' covering lt)0 siiuare feet. Alfalfa of the California Common variety, 
se(‘dcd undur each eagf\ was allowed to grow for about three mouths. Then, 
collect inns ol‘ most inseids commonly found in diseased fields were introduced 
into cage A, ami insects were excluded from cage B as far as possible. Six 
months aftm* the insects were introdueed, (>3 })er cent of the plants in cage A 
had tlu* dwarl‘ disease as compared with 1 j)er cent in cage B from which 
inseets were extduded. Five montlis later, le.ss than 15 per cent of tlie origi¬ 
nal stand rmuained alive in the insect-infested cage A, and 44 per cent of 
these showed typiiuil dwarf symptoms; in the insect-free cage, B, apjiroxi- 
mat(‘ly 100 ])er ctMii of tlie original stand rmnaiiied, and less than 2 per cent 

Assistant Professors of lUaut Pathologv ami Assistant Plant Pathologi.sts in the 
University of California at Davis. 

3 Junior Entomologist in tlu* University of California at Berkeley. 

•* Assistant Professor of Entomology and Assistant Entomologist in the Uiuver.sity 
of California at Berkeley. 
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of tlieso were diseased. The small pereeiitage of diseiise in the inseet-free 
cage P, was apparently the result of transmission by insects found to have 
accidentally gained entrance into the cage. 

Transmission tests were made with over tAventy s])eeies oi* insects, includ¬ 
ing aphids, b(*etles, h*afhoppers, treehoppers, and thrips. These, except the 
thrips, were collected in diseased alfalfa fields and caged for 24 liours on 
dwarf-diseased plants before being caged on healthy plants. The thrips Avere 
collected on diseased alfalfa plants and transftuTcd directly to h(‘althy 
plants. Four months after the date of caging, th(‘ plants were dug and 
examined. The only transmissions occurred in two of the three trials with 
Draeculaccphala vnincrva Ball. A later trial Avitli 100 individuals of tliis 
species, caged on dwarf-diseased alfalfa i)lants ami siil)sequ(*ntly transferred 
in one group to 30 healtliy i)lants in a single (*age, resulted in infection of 

TABLE 1. —Xotitral uif/ rtiritij of four sptrif s of h afhi>pp( rs oolU rUt} in their 
natural hahitats and tj'ansmia.sion of alfalfa dwarf I'ini.v from disra.std to hmUhji alfalfa 
plants by those leaf hoppers 


Lots of insects 


S{)ecdes of 
leafhoppcr 

Xo. of 
collect ioii.s 

Xo. 

State of 
natural 
infect iv ityt» 

Xo. of 
|>lants 
iuocul.ated 

Xo, of 
trails 
mis.sions 

Draeculacephola m in or rn 

15 

o 

Positive 

r>7 

55 



4.") 

Xej.'at ive 

!)] 

eo 

Ca rn e o cop h a la f u Uf i da 

5 

(\ 

Posit ive 

0 

p 



5 

Neji^at ivc 

14 

♦; 

Holochara ddia 


(* 

Posit i\e 

0 

p 



pi 

.Nejjat i \ e 


n: 

SooVitUa oi reel lata 

5 

1 1 

Posit i\' 


pp 



- 

NeCat i \ e 

- 

" 

a The Jill in tier of liopp 

ers ill each lot 

lestrd 

v.'irieii frotii L‘o 

to to indivit 

lua Is. 


Positive indicates that (liese lots of leafhn|>|»(’rs wtTe <'arryii );4 the <Iwarf vir\i.s ulo n 
collected; Xegative, that they were not carrying the dwarf vircjs wlien ccdleetrd. 

03 per cent of tlie plants. A similar test with a elnsely related leaflioppcr, 
Carneocephala fuUjiila Xott., resulted in 1!b4 per <‘cnl infect iun. 

During 1941 through 1943. enntrolled insectary inneiilaticns were made 
testing r;everal species of insects collected in atPu'tcd ari’as ainl in an^as 
widely s<‘pa?ated from any diseased alfalfa plantings. Tli<^s«‘ eolli*ctions wtu'e 
separated into lots of 20 to 40 individuals. I sually. ixd'orc being used for 
transmission tests, ('at'h lot was fed on a s<‘ri(*s of healthy alfalfa ]dants to 
determine whether any insefds in that lot wen- naturally viruliferous. Aft<*r 
incubation of the plants used f(»r these natural infeetivity te.sts. it was |>ossi- 
ble to separate transmissions obtained liy lots of leaflioi)iH*rs ju’ovcd natu¬ 
rally viruliferous from transmissions liy those apparently nonviruliferons. 
As a ride, wlien the v(‘etors were eolleeted in areas lien* the virus was pnn a- 
leiit in. alfalfa, they were naturally vindiferous. Folleetions in areas wi<lely 
distant from dwarf-diseased alfalfa varied (‘onsiderably in tlu^ p<'reentage 
of lots proving to be naturally infective. ()<‘(*asionally re]><‘a1(‘d colleetions 
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Iroin an isolated popjilatioii Jiave ht‘eii i‘m* of the virus. This iriethod of 
obtaininj^ iionviruJiferous l(‘afhopj:)ers was neeessarv' because of inability to 
rear sufficient populations in the inseetary. 

Table 1 shows the results of natural infectivity and dwarf-virus trans¬ 
mission t<*sts with tour sj)eejes of leaf hoppers. Because an attempt was made 
to collect the vectors in areas known to be relatively free of the virus, the 
majority ot lots of tliree of the species were not naturally infective. The 
collections ot AeoAo/Za {Vicdddla) cirallata (Baker) were, however, usu¬ 
ally so. 

With I)r(ieciilar('])hala hunt rva Ball a total of 47 lots, 45 of which were 
negative in the natural inf<V‘tivity tests, were used in the transmission trials. 
Alter leedinjjT on diseased alfalfa, the two lots shown to be naturally infective 
were led on 57 liealtliy alfalfa i>lants, with resultant transmission of the 
virus to o;> ol th(‘s(\ Thf* natui'ally noninfe(*tive lots, after feeding on dis- 
(‘ased ailalla, inleeted 50 ol fH jdauts inocidated. All lots of Ccini<ocephala 
juUjida Nott. tested weia* naturally noninfe(dive, and of 14 plants inoculated 
i\ AV('re inleeted. A\ ith II< hjchara (h lia Oman ' the ten lots tested were natu¬ 
rally noninlectI a'c, and 12 of 2() inoeulat<‘d ])lants wer(‘ infected. Fourteen 
of the Ifi lots of SiokoUd rircdlala Baker) tested were naturally infective 
iind inf(M‘tetl 59 of the 99 ])lants inoculated. With the two noninfective lots, 
only two plants ueee in(;('ulated; ladli develot)ed the disease. 

Numerous transmission trials were made witli other collections for some 
ot which tln‘ natural ini(‘etivity ovas not tested. The results are ineluded in 
table 5. 

LEAFIIOFimiv TK‘ANS\n.S8lOX OF THE VIKPS rAt'SIXG PIERCE\s 
mSEASE OF ORAl'E 

i5(‘i*ce’s disease of the ;:rapevine (^9, 5), reco^niz(‘d in Galifornia as early 
as 1S84, was deserihed by Newton B. Pierce in 1892 muler the name “Cali- 
i<»rnia vine disease ’ (7). It subsided around 1910, but became noticeably 
active ayain in ^^vi\pv\ ines al»out 1994 i5). In PK98 it was shown to be trans¬ 
missible i)\ <ii'aftin;i' (2)), and thereafter it was renamed Pierce’s disease (9). 
99 h‘ diseovei’v that Pieivt' s disease was transmissible by j^rafting: and was 
])rol)al)ly caused by a vims led to a searcli for possible means of spread. The 
l)attern of diseased-urajuwine distribution su<><rested some insect as a vector. 
Tin* distribution followed two j.reneral pattmuis: first, diseased vines irrejru- 
larly scattered throug^h the vineyard; second, diseased vines eoneentrated in 
lodatively small areas. Both types of distribution were found in most vine¬ 
yard distriids of the Stale on varied soil ty]>es and uinhn* different cultural 
j>raetiees. Jjoealized spots oi diseased vines were often found in portions of 
vineyards where ^^at<u• liad been allowed to stand after irrigration and in 
other t)laees wliere grasses eontiniied to flourish, such as margins near irri¬ 
gated i)astures and alfall'a liekls. These places usually supported numerous 
insects and the presence of diseased vines indicated that tliey included 
possible vectors. 

l)et(>riiiiuo(i by T\ W. Oman. Bureau of Eiitoniob^gy and Plant Quarantine, Division 
of Insoot Identification, Washington, I>. 0. ^ 
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Purtlier evidence of insect trunsiuission was obtained during 1940 in 
vineyards where insect liffht traps fitted with j^as-discharge tubes and 
electrocuting? grids liad been installed. The traps were operated after dark 
for control of tlie grape leaf-folder. In a vineyard wliere an experiuient 
with difi’ereiit light trai)s was being conducted/" one lO-acre block of vines 
fitted with four LMO-watt blue mercury-vapor-tulie light traps had diseased 
grape vines around each trap, as shown in figure 1. Also, according to 
results of insect-net swtH'i^ings taken in this block ol‘ tin* vine> arrl, tliere was 
a higher population of several species of leafhoppers on tlu* grass atui weed 



Fig. 1. Concentrjition of vinos witli Pi<>ret‘'s disrast* jiriir the in ii 

lO-acre vinevard in whieh were instalh*d four L’oO-walt l)hie nir'reurv-v.ipor tuiie liglit tr;i]'s 
fitted with eleetnu'utiiig ^rids. 'I’lie eir<d«*s indieate the position (>f the disoased vines 
present in the viiievnrd in the spring of 1040. The arrows indirate the loeatitoi of the 
light traps. 

cover beneath the four light ti'aj>s than elsewhere. The infoniiatiuii obtained 
from tfiese tracts narrowed the sc<|pe of inseets to be t<‘st<*d as p(»ssibl(‘ veetors. 

The gent'ra) plan for discovering a vector of Pitu'cc's disease* was to lc*sl, 
wherever tliey could be found, ail inseids that might possibly transmit the 
virus. Preliminary t(‘sts were made on young viiu^s growing in a plot located 
in a ’generally infested area. Larg<‘ numbers of eontrol t ines w<‘re main¬ 
tained, intersjiersr*d among the test vines t(» imlieate possilde natural spread 
The insects were collected with hand nets, .segregateij. and phn/ed in (‘licese- 
cloth bags with celi(>|)hane windows. These bags were jdaced over foliage 
of diseased vines, whence tlie\' wei<* removed later, aft«*r 1 to 3 da\ s’ feialing 
of the insects. The bags containing the inseets were* then phn^sl over foliage 

«This experiiiiont with light tr.'ips wa.s hriiig c‘ondurti‘d l.v .1. K. Kllswurth, Division 
of Entomology and Parasitology, University of (’aliforoia. 






1946 J 


Hewitt et al. : Vjrt's of Grape and Alfalfa 


121 


of liealthy test vinos, whore* tliey were keiit, usually, until the insects were 
dead. 

Durin^^ 19119, as pi-evioiisly mentioned (3), 54 species of insects were 
tested on separate jrraiievinos. Ten vines developed symptoms of Pierce’s 
disease, but only one out of 215 controls did so. Durinj^ .1940 a total of 60 
species, includinj^- some ol! those previously tricTl, were similarly tested. Six 
out of 21 vines cajjred with Dracculaaphala minerva Ball and 3 vines out of 
19 ca^i'ed with Carneocf pliala fuhjida Nott. developed s\ m]>t()ms. Only 6 out 
of 506 control vines developed the disease. The symj)toms were the same as 
on vines [rrafted with diseased wood. 

Diirinj; 1941 tliroujih 1943, tests were conducted in an insectary. All 
trials were made in iiis(*ct-proof ca^es in a screen liouse or in a greenhouse. 

TAIUil^ i-. —Sataral in f^-rt of four spec us of leaf hoppers collected in their 

natural habitats and f r<tnsmissinn of Pirrct 's di.s( as* virus from di.stascd to healthy grape 
by (lic.sr h afhoppri s 




Lots of insects' tested^ 



Spcvii's of 

IcM flio}i|i(*r 

No. of 
coiled ions 

No. 

stale of 
natural 

Xo. of 
plants 
inoculated 

N'o. of 
trans- 
missioMH 




infedivity*' 



Ih iu ritlaci phata >u > m rru 

d 

O 

rv»sitiv(‘ 

10 

2 




Ne^^ative 

40 

16 

Canu net phala f ulgida 


0 

Posit ivc 

a 

0 




Nej^at ive 

PI 

4 

JI t Inriurra th I la 


0 

l*osit i \ e 

0 

0 



4 

Ne}.»ative 

11 

7 

n}, iillii rt rn Hat a 

lu 

2S 

] 'osit ive 

40 

37 



s 

Xo^alive 

8 

4 


'!’})(• iiUMjhrr ni' li‘Mn* ♦‘.'H'lj lot tfstcil from lie to 40 iiidividuals. 

I’n.sjtivr tli.it iIh-sc lots of loafiioppors w« ro vnrrviii;t»- tlio virus of Piercers 

disoiisc i'olU’ctrd ; Nc^miivo, tb:tt tiu'v wort' Mot furryinj; ilio virus of Pierce’s disease 
wlltUl CollrcltMl, 

Tile urane\ iiics used were i-noted cuttings of the varieties .Enijieror, Malaji’a, 
M<>liucra, and Tli(»ni[>s<>n Scctiless. ^rowinjj:' in jiret*]]house pots. 

Leaflio|)|)ers frnm various locations were broifpht into the insectary and 
sei.rre^attMl into small lots. Many lots were first caifed in succession on 2 to 3 
Imaltiiy jilants and ht*ld on eac'li ]>lant from 2 to 5 days to test them for natu¬ 
ral vnvrirrs td' the virus {state of natural iuftv.ivity). Each lot was then 
caj.icd on a vine that had Pierce’s disea.se and was held tliere 1 to 3 days. The 
lot of insi'cts was then transferred in succession at 2- or 3-day intervals to 
one or more liealth\- vines for transmission trials. Table 2 grives the resvdts 
of tliesi* trials with four species of leaf hoppers: Draeculaeephxda minerva 
Bail, (Uttdiroix'phnJa fulgida Koit.^ IJelochara ddia Oman, Neolxolla circeUafa 
(Baker). Leafh(>p])ers in 2 out of 25 lots of I>. mlncrra and 28 out of 36 lots 
of N, circdlafa carried the virus of Pieree's tlisease naturally when brou^dit 
into the iuse(*tary for transmission tests. Previously noninfective lots of 
foul* species of tlie leafhoppers transmitted the virus from diseased to 
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healthy j^rapevines. Additional transmission tc^sts witJi several lots of leaf- 
hoppers of the four s]ieei(\s mentioned above were made without first testing 
the entire eolleetion for natural (carriers. The results of these t(‘sts, compiled 
with others, are presented in table 6. In addition to the above named leaf- 
hoppers, Frazier (1) recently reported 6 otlier species of leaf hoppers as vec¬ 
tors of the Piercers disease virus. 

THi: ASSOCIATION OI’ AI.FALFA DWARF AND FJERCE's DISEASE 

The relation of alfalfa fields to the prevalence of Pierce’s disease in 
grapes was noticed in infested districts where the two crops adjoined each 
other (4). Diseased vines were usually mu(*h more prevalent in the portion 
of vineyards nearest tin* alfalfa fields. In some iuslances, 100 jier cent of 
the vines were infected in the first 4 to 0 rows adjacent to alfalfa. A tyt>ieal 


VINES 



Fig. 2. Prcvalcnt'o of vinc.s intinifcsliug I'iercc’s »]isc;isc in a ]iortioM of a viiif'vard 
adjacent to an alfalfa field infest(*d with dwarf. Very few diseaHcd vines were found in 
the r(‘st of the vineyard. Facli circle indicates a diseased vine. 

example is illustrated in fijrure 2, showing an alfalfa held, liordered on the 
north side by vineyard. The effecd of the alfalfa was evident in the ahnn- 
daii(a‘ of Piori'e’s disease in the first 12 rows of gra))es adjacent to it. 

The as.sociation siigg(*sted tliat alfalfa was harlioring a vi‘ctor of the 
grape disease, or that tlie alfalfa was an alternate host of tlu^ virais, or tliat it 
fiuictioiied in both capacities. Such alfalfa plantings usnally contained a 
higii percentage of dwarf-infeeded plants. 

Furthermore, in vineyard districts where soim* alfalfa was planted and 
where Pierce's dis<‘ase occurred, the alfalfa fields weia* usually infested with 
dwarf. The (*onvcrs(? was also true. In certain districts tlie two crops 
existed separately, in sojne [ilaces with and in other iVlaces withont their 
respective diseases. 
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The first eiforts to eonnoet the two diseases with the same causal agent 
were by means of meehanieal inoculation. Neither dwarf of alfalfa nor 
Pierce’s disease of grape was successfully transmitted by various means of 
juice inoculation. As previousl^^ rei)orted, however, one can transmit dwarf 
to alfalfa and Pierce’s disease to grape* by grafting pieces of diseased plants 
on healthy plants. Piec'cs of roots from diseased alfalfa were therefore in¬ 
serted into roots of healtliy alfalfa and into stems of healthy grape; and, 
conversely, pieces of roots from diseased grape were inserted into roots of 
healtliy alfalfa and liealtliy grape. 

In these tests the following results were obtained : from diseased alfalfa 
to healthy alfalla, dwarf was transmitt(‘d in 7 out of 10 trials; from diseased 
alfalfa to healtliy grape there were no ap|)areni transmissions; from diseased 
grape to liealthy grape, Pierce’s disease Avas transmitted in 37 out of 46 
trials; and from diseascnl grape to healthy alfalfa, 12 out of 35 alfalfa plants 
showed dwarf s\ niptorns aftm* 6 months’ incubation. This indicated the 
identity of the viruses. 

]N11-:i{Ti?ansmissi()n tests between grape and alfalfa plants 

WITH LEAPllOPFER VECTORS 

’rin* discovery that dwarf of alfalfa and Pierce’s disease of grai)e could 
be ti'ansmitted by the same vectors le<l to iiitertransmission experiments with 
the four species of leafiio])|)crs. IMie plan of the following intertransmission 
experiments was to attempt to transfer the virus causing Pierce’s disease of 
grajie to alfalfa, and the virus causing dwarf of alfalfa to grape by means of 
tlie leafhoiijiers. 

Ijcafhojpiers of tlie siieeies known to be vectors were collected from vari¬ 
ous natural i)o])ulations, some from districts apparently free of either dis- 
eas(* and others from districts known to be infested. The natural infectivity 
of some of these lots of leafhojipers used in intertransmission experiments 
was t(*sted by caging a single lot of 2U to 50 leafhoppers on each of 2 to 4 
healthy plants of both alfalfa and grape in succession. Each lot of insects 
was lield »)n ('a<4i individual plant for 1 to 3 days. The same individual lot 
was th(*u caged on a diseased |)lant, either grape or alfalfa, and then subse- 
qvumtly transferred in siu'cessive oialer to healtliy alfalfa and healthy grape 
])la.nts or vice versa. The leafhojipers were ivtaiued on each plant from 1 to 
6 days. The state of natural infectivity was not determimal for all lots of 
field-(*ollected leaflioppers. Only random sample lots of leafhoppers were 
taken from some lots and tested for the presence of natural carriers of the 
virus. Usually the remainder of the collection was divided into lots, and 
each lot caged directly on diseased plants, after wliich it was transferred to 
liealthy ones. All test plants were then held in large screened cages or iso¬ 
lated in a greenhouse for incubation. 

Some lots of tield-collocted leafhoppers proved to be naturally infective 
(viruliferous) ; that is, as collected in nature they contained individuals that 
carried a vi)*us or viruses that would infec-t alfalfa and grape. The alfalfa 
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TABLE 3.— Kfsults of Kuccessivc individual idant transfers of a single field collcc’ 
tiou of Icoflioppi rs (A". circcUata) which was naturally viridifcrous V'hen collected 


Plniits on which 
IcMt’hoppers 
were cag(?(i 


No. of No. of days Condition of plant 

h*afhop]>ors on plant after incnhiition 


Alfalfa . 

2.5 

3 

Dwurf 

Grape . 

23 

<) 

Pierce ’s dis4‘as(‘ 

GrafX'** . 

23 

o 


Grape . 

10 

2 

Pierce’s disi'ase 

Alfalfa 

10 

2 

Dwarf 

Grape 

10 

3 

Pierce’s disease 

Alfalfa . 

8 

o 

Dwarf 


a Plant used as source of virus in experiment; however, iMciibation of fhe test plants 
sljovved the leafliO|>pers to be naturally viruliferous. 

plants developed symptoms identical vdtli (hvarf, and the jzrapt*, symptoms 
identical with Pierce’s diseas('. Table 3 shows the results of transmissions 
with such a lot of leafhoi)i)ers of Xeokolla circt lldla. 

Other lots of leaflioj^pers as collected from the field wei*e a])par('ntly 
virus free as far as alfalfa and j^rape w<‘re c(MC(uaie(l. for they did not trans¬ 
mit a virus to the healthy plants used in the natural inTeidivity tests, but did 
carry one to healtlhv plants after haviii”' beam eaued on disinised ^rapt' or 
alfalfa. Table 4 shows the results of intm’transmission tests of the virus 
from dwarf-diseased alfalfa to liealthy alfalfa and ^rajx' with a sin^de lot of 
Drat evJacrphala rniiu rva. The 45 leafhoiipiu-s in this lot w<‘re first placed 
successively at two-day intervals on two lu'altliy alfalfa plants and one 
healthy' <iTa])e plant to test th(*ir natural infe('tivity. These thre(‘ plants re¬ 
mained healtliy showin<i’ that this lot of leafhoj>p‘“*'''> naturally' carry 

tlie virus. After bein^ fed on dwarf-diseased alfalfa, the insects wert‘ trans- 

'I’ABLhi 4.. Iif sidt.s of succt ssivt individual plant irans/tfs «»/’ a fonph fi<lfl i'olh r 

iion. of leaf hoppers (I)raecnlacrphala mitorva) fvnni alfalfa to gropf with dwarf dist astd 
alfalfa as a source of virus 


IMiiuis on which 
leafheppers were 
successively caj^ed 

No. of 
k*afhojt[>ers 

No. of days 
on plant 

< VuulitieT) of plant 
a i'ter in<’ul>at io!i 

A.lfalfa 

45 

O 

llealthv 

Alfalfa . 

3S 

W 

llralthV 

Grape 

34 

o 

Healthy 

Alfulfa, dwarD 

34 



Grape . 

11 


l*irrc(‘'s disease 

AlfnlLi 

0 

»» 

Dwarf 

Grnpe 

0 


IMtO'ce’s disease 

Alfolf;i. 

s 

i> 

Dwarf 

Grap(‘ „. 

8 

2 

Pierc<'’s diseasi' 

Alfalfa. 

8 

i » 

Dwarf 

Gr;i]»e 

8 


Pieree’s diseasi' 

A 1 fill fa. 

5 


Dwarf 

Grap<* . 

.5 

*> 

Pier«'{' ’s disease 

AlfaIf.M 

5 


Dwarf 


Dwurf-discased alfnlfa plaut us<*rl as virus sourro; the first ilireo jilauts were used 
to determine the jn-esenoe or ji])sence of viruliferous imiividuals in tlx' lield-collected 
hoppers. 
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ferred alternately to 5 healthy grape and 5 healthy alfalfa plants. After 
several months all of the grapes manifested Pierce^s disease, and all the 
alfalfa plants sliowed dwarf symptoms. 

Table 5 shows the resiilts of inter transmission of the virus from 5 differ- 

TABTiK r).~ -lirsults of virus transmission tvsts from ffrape io alfalfa and alfalfa to 
grape with ten different field collections of leaf hoppers (Draeculacephala minerva) 


Leaf- 
hopper 
lot No. 

Plant upon which 
collf'ctioii was 
suecesaively fed 

No. of 
leaf- 
hopi»erH 

Days 

on 

plant 

Condition of plant 
after incubation 

1 

Grapea .. 

\r> 

5 

Healthy 


IMerce^s disease grape*J. 

7 

2 



Grape . 

4 

0 

Pierce ^s disease 


Alfalfa . 

4 

6 

D wa rf 

0 

Grape 

ir> 


Healthy 


PiiMce's disease grape’^ . 

11 

0 



Grape . 

s 

0 

Pierce \s disease 


Alfalfa .. 

4 

fi 

Dwarf 


Grape . 

15 

5 

Healthy 


I Vi free's disease* grajie^ . 

7 

0 



Grape .. 

5 

«•> 

Pierce disease 


Alfalfa . 

0 

i) 

Dwarf 

■1 

Grape . 

15 

5 

Healthy 


Pierce ’s disease graj)c^. 

12 

2 



Grape . 

11 

0 

Iboree ’s disease 


Alfalfa .. . 

(\ 

0 

Dwarf 


Grape . 

15 

5 

Healthy 


Pieia-e’s disease grape^. 

p 

0 



Grape . . 

8 

2 

Pierce ^s disease 


Alfalfa . 

4 

(» 

Dead (cause unknown) 


Alfalfa . 

15 

4 

Healthy 


Alfalfa, dwarft* . 

14 

0 



Alfalfa . 

12 

2 

Dwarf 


Gra|)e . 

10 

0 

Pierce’s disease 

7 

Alfalfa . 

15 

4 

Healthy 


Alfalfa, duarfi' . 

15 

0 



Alfalfa . 

11 

i) 

Dwarf 


G ra]M* 

11 

0 

J'iercc disease 

s 

Alf.-Hfa .* 

15 

4 

Healthy 


Alfalfa, dwarf^' . 

15 

0 



Alfalfa . 

11 


Dwarf 


Gr.’ipc . . 

14 

0 

I’ierce’s disease 

9 

Alfalfa . 

15 

4 

Healthy 


Alfalfa, dwarf*' . 

12 

»> 



Alfalfa . 

p 

0 

D(\'id (cause unknown) 


Gra])e . 

5 

0 

Iberce’s disease 

10 

Alfalfa. . 

15 

4 

Healthy 


Alfalfa, dwarf*' .. 

15 

i> 



Alfalfa 

15 

0 

Dwarf 


Grain* . 

12 

(> 

Pierce disease 


a The first pljiiit in eruli series was used to determine the iiaturnl infcctivity of field- 
collected lea f lu)|>pe rs. 

•5 Plant used as a source of virus. 


ent diseased grapes and from 5 different diseased alfalfa plants to healthy 
grapes and alfalfa with 10 separate lots of naturally noninfective leaflioppers 
made up from one field (*ollection of DraecuUiccphala minerva. In this series 
the virus of Pierce’s disease was transmitted from diseased grapes to healthy 
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grapes in 5 out of 5 trials, and to healtliy alfalt'a in 4 out of 5 trials. The 
virus from dwarf-diseased alfalfa was also transmitted to liealthy grapes and 
alfalfa the same number of times. Two alfalfa plants listed in table 5 died 
before readings were made. Similar experiments were perl'oriiKMl with the 
other species of leafliopx)ers previously mentioned. 

It is further evident from data shown in tables 4 and 5 tliat the incuba¬ 
tion period of the virus in the leafhopper, if such exists, is less than 4 days. 

Table 6 summarizes the transmission of the Pierce’s disease virus from 
diseased to healthy grape, and from diseased to liealthy alfalfa, together with 
intertransmissions betAveen grape and alfalfa. Tlie I’csults reported in tliis 
table include transmissions Avith naturally A'iriilirerous and naturally noii- 


^J’AIUjE 0. — Transmission of iltc virus from iJisrused (/rape and alfalfa plants lo 
htalihy (/rape and alfalfa plants hy four spc(nes of ft ld i'olhcff’d Icafhoppcrs'i 
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Brace ii laccphala 










minerva . 

118 

67 

56.7 

98 50 

51.0 

115 78 

07.S 

504 442 

87.7 

Carneocephala 










fulgida . 

69 

41 

59.4 

95 40 

12. i 

42 30 

71.4 

112 69 

61.6 

Hclochara 










della . 

61 

34 

55.7 

75 .37 

49.3 

73 42 

57.5 

115 71 

61.7 

Neolcolla 










circellata 

159 

\22 

76.7 

97 54 

55.6 

73 53 

72.6 

63 35 

56.4 


a A ('ornpo.site of results of tests 10 : 1^0 from IIKW 

virulif crons leaf hoppers, conducted from 19311 through 1943. in all lliese 
tests, wherever transmission was obtained the gra]>e manifest(sl Pieret*'s dis¬ 
ease, and the alfalfa shoAved symptoms typical of <lAvart'. Tiie data shoAv 
that only one virus is associated witli Piercers disease of graia* and dwarf of 
alfalfa. 

In completing these trajismission studies, many eollecdioiis of the four 
specie^s of leafl?oppers Averc made in areas thouglit least apt to (*ontain natu¬ 
rally viruliferous j)opidations. To run natural iiiff'ctivity t<*sts with each 
small lot of learhop])cr vectors used would have consumed large numbers ol’ 
plants. Therefore, in order to obtain a measure of th(» numbers earryiug the 
virus, natural infectivity tests were made Avitli only random samples from 
eaeh field collection ( Table 7). Ac<iording to table 7 and also tablets 1 and 2. 
the 3 species of leafhoppers Dravcnlacf phala minrrra, Ildochara (h Ita^ and 
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Carneocephala fulgida did to some extent carry the virus naturally under 
field conditions. When, however, a comparison is made with the liij^h per¬ 
centages of transmissions obtained after feeding!: these leaflioppers on dis¬ 
eased plants, one* can reasonably assume that the i)()ssible numbers of natu¬ 
rally viruliferous ieafhojjpers used in the transmissions reported added but 
little to the error in tlie results. 

With the species Neokolla circMala, 59 per cent of the lots tested proved 
to conlaiji naturally infectiv(» Jeafhoppers. This high percentage adds con- 

'rAliLK 7 Itesults of trsis irilfi random samples from collections of four species of 
leaf hoppers made to determine nhether certain popnlations used in transmission trials 
were naturallp infectivei>‘ 


Spcr*i('N of lcafh<»ppor 

Totnl number 
of h^af- 
hoppc'rs in 
all collections 

No. of lots 
tested 

Xo. of lots 
naturally 
infective 

Per ce7it 
of lots 
naturally 
infective 

Draeeulaeephala minerva 

(hcno 

38 

5 

13 

Canitoeephala fulgida 

.‘hSoO 

28 

1 

4 

Ilclochara dtUa 

2 ,0o0 

13 

1 

8 

Ncol'oHa eircellota 

3,085 

80 

47 

59 


X.'Uurally iiiffotive ria'ans that the lot tested contained one or more viruliferous 
iiidiv idii.'ils A\hen colleetiMl. 

si(lerabj(* error to tlie ri'sults obtained with transmissions from a known virus 
source^ witli this spe('ics, except with lots previously proved not to be natu¬ 
rally infective. 

SUMMARY AND CONCLT^SIONS 

Tlic distril)ution and spread of alfalfa (hvarf suggested transmission of 
the virus by ius«'cts. 

Four s])ecies of lcarii()ppers-'-7>ru <niinerva Ball, Cameo- 
cephola fulgida Xott., llvliu'hara delta Oman, and Ncfjkolla crrcellata 
(]hd\er)~were fouud tliat would transmit the alfalfa-dwarf virus from dis¬ 
eased to iK'altliy plants. 

The (listril)utioii ol' grapevines atfeeted with Pierce's disease followed 
two giMicral palt<‘rns: tii*sl, di.seas(*d vine's irregularly seattered over the 
viiK'vard ; second, diseased \'im»s conceJitrated in small ai'eas. Botli types of 
distrihiition indi<*ated that insects s])read the virus. 

TIk' grouping of dis(*ased xine.s under iiLS(*et light traps added convincing 
evideiK't' that tlu* virus ol' Pierce's disease -was transmitted by insects. Col¬ 
lections of ins(*(Us mad(' under the traps and com|)are(i with those made at 
some distanve from the traps provided a valuable clue to the identity of the 
iust'cts involved. 

The same I'our speeies of li'afhoppers that transmitted the alfalfa dwarf 
virus AV('re at the same time proved ea})able of transmitting the virus of 
Pierce’s disease. 

Pit'iH'e's diseast' was usually more |)revalent in vineyards of districts 
wliei'e considerable alfalfa was grown and in jmrtions of vineyards adjacont 
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to alfalfa. Under siicli eomlitions the alfalfa fields were usually found 
infested with dwarf. 

Eoot i)ieees from diseased g’rapeviiies inserted into the roots of alfalfa 
plants apparently transmitted the virus in 12 out of 35 trials, but root pieces 
from alfalfa similarly inserted in the stems of rooted j^naipe euttiufi’s did not 
transmit the virus to j;^rapevines. 

Naturally viruliferoiis field-collected leafli{)j)pers of DraecyulaiUjjhaJa 
niinerva, Carmocvphala fulgida, Helochnra delta, and Nenkolla eireellata 
transmitted to healthy alfalfa and grape ])lants a virus producing, resp(K*- 
tively, dwarf and Pierce’s disease. 

The incubation period of the virus in th(> leafhoi)})er D. minerva is less 
than 4 daj's. 

Naturally nonviruliferous field-collected leafhoppcrs of the same four 
species transmitted the virus of Pierce’s disease from diseased grapes to 
healthy alfalfa and grape and from diseased alfalfa to healtliy alfalfa and 
grape. 

The majority of field collections of ])mceul(i('ei>hala minerva, Carneo- 
cephala fulgida, and Ilelockara delta wciat* nunviruliferous, whereas 51) })er 
cent of the lots of NeokoUa eireellata test(*d were naturally viruliferons. 

According to the intertransnnssion experiments, the virus that cans(‘s 
Pierce’s dis<‘ase of grapes.also causes dwarf of alfalfa. 
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ELECTIiOPIIORETIC STUDIES WITH THE PLANT VIRUSES^ 

V E H N 0 N L . F R A M P T O N AND W I T. L I A M N . T A K A II A S H 1 3 
(Accoptod for publication August 14, 1945) 

Any splnniie for the ultimate diagnosis of virus diseases in jilants, or the 
identifieation of the viruses must, of necessity, involve the specific physical 
and chemical projicrties of the viruses themselves, in much the manner that 
the identification of bacteria involves their iihysiological behavior. Several 
means of testing for the presence of viruses in plants which have been sug¬ 
gested, otlu'r than tliat of testing the infectivity of the preparations, and 
wlii<‘h are basiul on tlie qualitative or quasi quantitative observations of the 
intensity of tlu‘ action of oxidizing enzNunes in plant extracts, on the determi¬ 
nations of (juantities of ascorbic acid, glutathione, or plant pigments or 
similar prodm*1s of plant metabolism in the plant sap, or on the accumula¬ 
tion and translocation of carbohydrates, or the nitrogen distribution in the 
plants, are of little value because these several tests are not specific for either 
the viruses or for the jiroducts of metabolism which are specific to any one of 
tile virus diseases. Jn general, the eolor reaetious with viruses and with jiro- 
teins ar(‘ so similar that diftereuees in intensity of the reactions are extremely 
diffi(Milt to observe, and it is impossible by this mt‘aiis to distinguish one pro¬ 
tein or virus I'rom another. The jneture relative to sjieeific products of 
imdaholism in tlie instances of the several viruses is obseuro indeed, and at¬ 
tempts to eorrelati* virus diseases with the diverse produets of plant metab¬ 
olism are milireiy eui|)irical. 

Tliere are, liowev(‘r, jihysieal and eliemieal properties of the viruses and 
proteins -specifically, tlour electrokinetic projierties—associated directly 
with lh(‘ (juality, ijuantity, and relative ])ositious of the amino acids and 
otlier r(‘aetive units involved in virus ami i)]*otein architeeture, which inaA^ be 
made use of in diagnosis and identification. It is well known that colloidal 
jiartieles will move through a fluid under the influenee of an electric field. 
This migration is obtained by virtue of the electrostatic charges carried by 
the particles, and the cliarge in the surfaces of these particles is produced 
either tlirougli ionic adsorption or through ionization of tlie material making 
up the colloidal jiarticle, or both. Witli proteiiu and with viruses the electro- 
stati(' charges in tlie surfaces of tliest» entities are due to the ionization of the 
acidic and basic groups prestuit, and the intensity of the net charge, resulting 
from the ionization, is related ilircctly to the relative number of these active 
groups, as well as to the degree of their ionization, which in turn is a reflec- 
tiiui ot* the an*hitecture of the particles in question. The viruses and pro- 

» This rt'search has bt'oa ti'rniinaltMl. The authors iloeply regret that oiilr an incom¬ 
plete report may ])e inaib*. Submitted D(*ceiiil)er 17, 1944. 

2 Formerly in De])artinent of Plant Patludogy, Conudl University, Itbaca, N. Y. 
Present addre^ss, Rese-arch Division, National Cotton Council of America, University of 
Texas, Austin, Texas. 

3 On leave of absence from the Department of Plant Pathology, University of (Cali¬ 
fornia. 
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teins are aniphoterie, and tin* Tna<riiitiule of the eleetrostaiir (fharj^e carried 
by the particles or molecules is a fniietioii of tlie h;s'dro<unm ion activity in the 
solution in which they are dispersed ; there is a specific pll-niohility behavior 
for each species of protein inolecnle or virus particle. 

Given an atiueous protein solution ])laced in contat't with the pure solvent 
in such a manner that there is a discontinuity in the pliysical ])i’operties at 
the interface, there will bi* f 2 :enerally, under elcidrophoresis, a mij^ration of 
the rej:tion of discontinuity, or boundary, between the solution and sol¬ 
vent. The velocity of mij 2 :ration of the boundary will be characteristic of th(‘ 
protein in question, sid)ject to the definition of (‘onditions of pll, ionic con¬ 
centration, temperature, viscosity of the soK cnt, and to the potential j^radi- 
ent. With a solution made up of two proteins there will l)e ^nmerally a 
boundary, or migration front, for each of tiie ])roteins. With a mixture of 
several proteins, there will be jieiuTally a boundary for eac'h ju’otein j>resent 
in the mixture. Tliesi^ several miuratioii fronts may be detected 0 ]>tically, 
and from such a study information may be obtaiiu‘d (*onc(*rnin^ the numb(*r 
of eleetrophoretically separal)le c<»mp(>neyts in the mixture, the decree of 
electrical homogeneity of any component, and tlu* (*on(*cntration of any oiu* 
of the compoiuMits in the mixture. Wliere the compoiieiits arc scj)arahh*, the 
pH-mobility Indiavior of each may he determined. Tt is also possible to iso¬ 
late the individual com|)oueuts of siu'h a mixture l)y electrophort'sis. 

The liyp tlu‘sis wliich forms the basis of thcs<‘ stiidi(‘s is that with the 
extracts fro. ints infected with the viruses there \Nill b(‘ sp(‘cific migration 
fronts representative of the virus(‘s involved, and lliat the virusivs may be 
identified from tlieir migration velocities under conditions defined with 
respO(‘t to ]dl. electrolyte eoneciitration, and j)ot<>utial gr;ulicnt. 

METHODS 

The electrophoretic cxj)erimcnls were carriCil out ii’ a l^tube with a 
rectangular cross section, as designed by Tisclins (10) to etfect maximum 
transfer to the l>ath of heat generated by tlie eurreiit |>assing tln*ougli the 
U-tube. Analysis of the migration fronts was obtained liy use* of th«* adapta¬ 
tion by Lamm (4) and Toejtler (11) ot the d(‘viee Fout*ault used as a means 
of accurately testing ](mses for ehromatie and sjtheidcal ab(‘rral ions, together 
will) the scanning camera designed by liongswortfi ( 0 ). 

The optical scheme, as illustrated in tigur(‘ 1, for the analysis of the 
migration fronts is based on tlie refraction of light passinii' throiigli tlie inter¬ 
face between the solution and the solvent. The U-tnbe (10) in wbidi the 
determhiations were carried out is arranged in sections so that tin* filling 
may be effected leaving a very sharp interface between the solvmit and solu¬ 
tion, and no difficudty is exiierieneed in observing initially the diseontiniiity 
in the physical lU’opertie.s at tlie interface. Tin* intm-face becomes diffuse in 
time, due in part to diffusion. L is the .source of illumination. S is a liori- 
zontal slit about 1 mm. wide. The lens, 1), wbi(*b in the instance of tlu» 
apparatus assembled at Cornell University was 4.5 inebes in diameter and 
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had a fo(*,al length of* 23 incdies, forms the image of the slit S at the j)oint P. 
E is one arm of the eleetrophoresis cell, and the region designated as A is the 
region between the solution m (plant extract in our case) and the buffer b. 
0 is the camera objective, having a focal length of 23 inches,^ and the camera 
is focused on tln^ cell E. Under ordinary conditions all the light from the 
slit S, which is focused at the j)oint P, enters tiie camera, and a clear image 
of the cell is formed on the i)hotographic plate C. If there is a region in the 
cell where th(‘re is a continuous change in the index of' refraction, as would 
be the case after the estal)lishment of a concentration gradient, the light 
])assing through that region will be refracted downward in a continuous 
manner tlirough the width of the U-tube, because with each increment of 
distance traveled by the light i)eam through the region A, it enters a region 
of greater and greater refractive index. Cons(‘(pientJy, the pencil of light 
j)assing through tlic region A will be focused at the point P' rather than at 
P. If the refraetioii is md too great, the light foensed at P' will still enter 
the camera objective*, and the image of the entire cell will be formed on the 
photographic plate. If, however, a knife edge Q is placed in a position iin- 



E 

Fio. 1. Scliein.'itie dingniiii of the electrophoresis apporatus. 


riicdiat(*]y b(*l()w P, hut above P^ the pencil of light focused at P' will not 
(*nte!* tlie camera objective, and there will be an unexposed area on the photo¬ 
graphic |>lat(* (corresponding to the region A in the electr(>])horcsis cell. This 
Avill l)e true for each region in tlie cell where there is a variation of the index 
of refraction with height, that is, for ea(‘h migration front. 

The variation of the index of refraction with height in the region A is 
not abrupt if tlieiN* has been a lapse of time. The curve obtained by jdotting 
the index ol r(*fraction against tin* lieight of the cell will be S-shaped in the 
r(‘gi()n of A, and the rate of eliange of refractive index with height will be 
a maximum in the center of the S. The pencil of light passing through this 
particular regi(ui will 1)(* refracted most, as indicated in figure 1. If the 
knife (*dg(‘ Q is mov(*d vertically, the shadow on the photographic plate will 
first be oidy a tliin line, corresponding to the center of the region A, but the 
shadow will widen as tlie knife edge a])proaehes P; when the knife edge has 
Tvached P, tlie shadow will correspond in width to tlie entire region A in the 
e 1 eetropllor(*sis coll. 

The rear of the camera is aiTanged as indicated in figure 2, where K is a 
vertical slit about 1 mm. wide. One arm of the tube is brought to a focus 
on one slit, the other being uuusked, and the exposed area of the plate corre- 

Approxiiuatf* unit inaginfication of tlio coll is dosin^d, niul a long optical lover be- 
tw(^(‘n tlie points K and O is d(‘sired in order to make the instrument sensitive to small 
changes in index of refraction in the cell. 



132 


PHYTOPATHOLOaY 


[VOL. 36 




Fig. 2. Blits on tho roar cauiora plate. 

spends to the area of the slit. Successive exiiosures of a plate at different 
positions aloii*:’ the rear of the camera, with tlie knife ed<::e set firoj^ressivcly 
higher and higher with each exposure, results in a ])attern of the tyjie indi¬ 
cated in figure 3, Experimentally, the movement of the photographic plate 
is synchronized with the movement of the knife edge so that a continuous 
pattern is formed. These are the “scanning'^ j)atterns jiresented in this 
communication. ■ 

The concentration of each component in a mixture is proportional to tlie 
area of its shadow in the patt(‘rn on the jihotographic jilate. It is also proba¬ 
ble that there is a relation lietweeu the slenderness of the shadow, or peak, 
and the diffusion constant of the com[)onent. 

Magnification of tlie image of the (;ell on the jiliotographii* plate was 1.3. 
The distance fi’om the camera objective to the ctmter of the ct‘11 was 42 im*hes, 
and from the center of the cell to the lens 1) was 11 imdies. The plioto- 
graphic plate tra\'eled 7.5 times fa.ster than the knife edge Q. 

The difficulty with electro}>horesis of plant material has been in the 
preparation of the sample. Usually there is much pigmmit and susjieiuled 
colloidal material in the cxtraids, which mak(*s the photography diflieult, and 
generally the coneentration.s of the com{)onents in the plant sa|)s are too low 
for satisfactory scanning. It has been found useful in tlie ])n‘paration of 
the samples for electrophoresis to cytolyzi' the leaves with ether (1 ) initially. 
After cytolysis the vacuolar sap was pressed out with a hydraulic press and 
discarded. The vacuolar saf) contains very little protein, and in tests with 



Fig. 3, BcMiming pattern built up t>y successive exposures aftt'r [ilteration of th( 
height of the knife edge and the position of the plate liolder. 
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plants infected with tobacco mosaic vims, it was foiiiid to contain little or no 
virus. The discarded saj) does carry much pij^Tiient, liowever, as well as 
substrate for oxidizin<r enzymes. The pressed material was then washed 
with water several times, and after each washinj^' the excess water was 
pr(‘ssed out witli tlie j)ress. These* washintis do not affect the character of the 
scanning* patterns obtained with the healthy tobacco plant, but they do effect 
tile r(*moval of additional pi^iuent. In some determinations the pressed and 
washed materia! was j»round in a Warin**: blend(‘r in the presence of buffer. 
In tlH*se instances concentration of the extractable proteins was obtained by 
reusing'- the same buffer wdth successive portions of leaf material, so that 
about 100 cc. of Iniifm* were used in extractinji- bOO grains of leaves. Furthei’ 
c(nuM*nt!*ation was obtained by placing*- the extract in cellophane tnbin»: and 
hantiiim' it before a fan. It lias been found, however, tliat more efficient ex- 
tra(‘tion nuiy fie obtained by ‘rrindin*** the pressed h*af material in a food 
chojipc*]- and exti*a(*tiim it subsecpiently with the bnff'er. An observation 
which has been of si^iiifi(*ance in these studies is that the intensity of piLnnen- 
tation in the (‘xtraets, ainl the amount of suspended material tliat will not 
sedimeni in tlie centrifuge, is related to the a^-e of the ])lant. Best results are 
obtained with youu<z' jdauts. With reference to the extracts alluded to 
above, they wer<* centrifipjc'd at 3,000 r.p.m. to remove plant debris, and then 
<lialyzed aj^ainst 2 liters of 0.1 M phosphate buffer at 4'^ (\ for a minimum of 
IH hours. This same Imffer was used as the solvent />, as showm in fijrnre 1. 
After the dialysis was complete, tlie extracts were eentrifnji'ed at KyOOO- 
2r),0t)0 r.p.m. for 3 o minutes, in order to remove ])lastids and other bodies, 
l)t‘f(M’(‘ (‘lei'trophoi'esis detei’ininations were mad(‘. 

The jiotato tulnars were iironinl in the Wariim* blender in the presence of 
0.10 M phosphatt* lintfi'i* at pM T.o, to«^vth(‘r witli a trace of KCX, and tlien 
tin* slnrjw' was centrifiijicd at aliout 3,000 r.p.m. for about 15 minutes. The 
supernatant li<juid was added to an (Mjual volume of a saturated solution of 
ammonium snlphat(‘, and was a.i>ain eenlrifimed. This second sn|)ernatant 
li(jnid was dis(*arded, the pr(*cipitatc was taken up in 0.10 M plios|)hatc 
buffer, and dialy/ed aiiainst tlie same buffer for about 18 hours. The solution 
was then eiMitlifnuetl at l(i.000-25,000 r.p.m. for 3-5 minutes before the 
(*]e('trojihoresis dt*terniinations were made. 

These pi’e[)a rat ions were nev(*r free from jii^inent and snspeiub^d matter, 
and it was nccessai’y in most cases to resort to infra-red jihoto^raphy. 

i: XI 'ERIM E V 'CAL RESl^LTS 

Tin* seannin^^ |)Htt(*rns for both llie ascendinj»- and descendinj^^' fronts in 
tin* I-tube foi* leaf extracts from healthy Tnrkisii tobacco plants, at pH 7.5, 
are presential in fisinre 4, a and b. The time for electrophoresis was 30 and 
(iO minutes respectively. The iiidieatioiis are that there are only 3 protein 

•'Tl)e |)l:mt s;i]) h iu the tuatoni of the U IuIkj. Siiu-e the solute inijjrotes in the 
(‘lertrie field, one bound.-iry moves op :nid the other moves down. These migration fronts 
are tlie ascending nnd d(‘scending migration fronts. M'he arrows in each figure indicate 
tile direetion of migr.ntion. 
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('oiiipoiieiitfs extracted by tlie methods used, althoniih it is probable that there 
are actually three ^roujis of proteiiis, iioue of which has been ri^soh ed elec- 
trophoretically under the conditions used. The velocity of migration (all 
velocities reported are for the descending** boundaries) of component A was 
0.83 X 10(uii./sec./ V()lt (Uii., that of component B was 2.1x10 ^ cm. sec./ 
volt/cm., and that of component (/ was 5.2 x 10 cin./sec. V()lt cin. 

The patterns witli the healthy to})ac(*o plant are not affected with the a<*’e 
ol* tlie plant up to at least three months. 

The patterns obtained with tobact'o plants live days al'ter inoculation 
with tobacco mosaic virus, and at a time when no symptoms w('re t*vident, 
were identical with those shown in fi<^nre 4, a and b. Nine days aftei* inocu¬ 
lation vein clearing' was evident in the leaves, and the patterns obtained witli 
leaves harvested at this time are presented in ffoure 4, (/ These data are 
for 30 minutes of electrophoresis, and the buffer used was identii'al witli that 
used for the healthy plants. Components A, Ih and C present in the exti-aids 
from the nine-day-diseased jilants were identifi(‘d by their mij.iJ*ation veloi-i- 
ties as bein^»' identical with the corresponding’ cpmponents in tlie (‘xti'aets 
from the healthy plants. Com|)onent V, migrating with a veloiuty oT 3.9 ■ 
.10 ** (‘ 111 . sec./volt/em., is lunv, and it is believed to be tlie virus. 

Marked symi)toms were evident in the toba(‘co iilants fifteim days alter 
inoculation. The patterns obtained with the.s(* sev(*r(‘ly diseasi'd plants are; 
presented in figure 4, d. Time tor eh*ctrophoresis was 30 minutes, and the 
same buffer was usimI as in the d(*tt*rminations prtn iously discussed. Com¬ 
ponents A and B were |)r('sent in the extracts, as (‘vi(lenc<*d fi’om the shadows 
in the st'amiing patterns, but (‘om|)onent V had b(*come ovcrwh(*lmingly p)‘(‘- 
dominant. The method of extraidion precludes pri^cise (letei’iiiination of the 
con(‘(Uitrations of the several (‘omponeuts in eitlnvr liealthy or disi^ased plants, 
but after dealing with many samph^s tin* authors lieli(*ve that there* is no sub¬ 
stantial change in the concentrations of the compoin*nts A, B, and with the* 
development of the dis(*ase in the tobae*co jilants. 'fhe* jiatte'rns slie>wn in 
figure 4, d, were obtained with much more dilute (‘xtracts than those in either 
a, b, or (‘ of figure 4, and in more concentrated iircjiarations, e*videneM* has 
been obtained tliat component (Ms also present. 

The evideiU'C that the normal ])rotein components in the (‘xtracts are not 
materially altered by the d(*velopment of the (lis(‘ase is supiioiied by tin* data, 
obtained by serological methods (8), since antibodies engend(‘r(*d in exjn‘ri- 
mental animals with sap from tobacco jilants infeetc^d witli tobacco mosaic 
virus are pr(*cipitated by sap from healthy tobac(‘o jilants. 

The reasons'for believing that component V is tin* virus are tliree-fold, 
namely, the com|)on(*iit is present only in the infe(*ted jilants and increases 
in (juantity as the disease jirogresses, the area of tlie shadow on the jihoto- 
grajihic plate (*aused by this coni|)oneiit is more than thirt(‘en times the com¬ 
bined areas induced by the other comjionents in tin* (*xtra(*ts (9), and the 
slenderness of tlie peaks is suggestive of a substaiu'e with a small diffusion 
constant (2, 3, 7). 



IMG. 4. Scanning*: |»a1tonis, (losoriidiiijr at left, aseendiiifj- at rij^lit. TTealtliy tobaeeo 
loaves with ai) min. eleetit)i)horesis (a) and with (10 iniji. electrophoresis (b). Tobacco 
hMves with tobacco mosaic virus nine days (c) and tiftecm days (d) after inoculation, 
tfealthy tobacco leavtvs ((‘) at pil 0.25., Tobacco leaves infocled Avith the potato X virus 
at pH 7.5 (f ), at pTi 7.0 (jr), and at plT 0.25 (h). Tobacco leaves infected Avith the 
jiotato V virus, at i)TT 7.5, with 30 min. electrophoresis (i ) and 00 min. electrophor(\sis (i). 
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The (iiiestion may be raised re^ardinj? the eompleteness with which the 
virus may have invaded the plants after fifteen days, and the possibility may 
be sug:gested that the i)atterns shown in fi«*ure 4, d, wer(‘ obtained with a 
mixture of diseased and healthy tissue. An attempt was made to answer this 
question. The severely diseased i)lants were eut back and two shoots from 
each were permitted to grow, as it was believed that in this manner leaf 
material might be developed under eonditions where the opportunity for 



FiO. 5. Hi'jnniiiig pjittcrns for tol)Meco loaves iiifootod with doliiison ’s ouounibor 
rnosaio No. J (a ) and with Jbioo’s iiidirator strain of oncnnilxM- inosaio No. 1 (h). Both 
are at pJl 7.5. 


systematic infection was maximum. Th(‘se .shoots were harvested after two 
weeks and the scanning patterns determined. They were identical with 
those presented in figure 4, d. 

The abnqrmaiiti(‘s in tlie scanning patterns obtained witli plants infe(ded 
with otlun* viruses ar(‘ not .so si)eetaeular as those obtained with tobacco 
plants infected with tobac'co mosaic virus. The |)atterns obtained with ex¬ 
tracts from tobaci'o jjlants infected with potato X virus, which was obtained 
from potatoes, variety Green Mountain, are presented in figure 4, f. Tliese 
olata were obtained at pH 7.5. Time for electrophor(*sis was 60 minutes. 
Ill comparing these jiatterns with those obtaim'd with the liealthy plant, it 
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^vill be iiottMl that the (•()ini)()iiOiit A in tliese diseased plant extracts was j)res- 
ent in a greater relative eon(‘entration than the correspondin<r component in 
the extraxd from the healthy plants. Its nii<>‘ration rate, at pll 7.5, was 
greater than that of the normal component A in figure 4, a and b. Compo¬ 
nent 11, how(*ver, is the normal |)rotein 11 in a and b of figure 4. The sus¬ 
picion is that the normal (component A and the X virus in the extracts are 
mi^ratin^* with the same vtvlocity under these conditions witii respect to i)H 
and ele(‘lrolyte corn'entration. An attempt to separate, ele(‘troi)horeticalh% 
the normal compunent A and the X virus by alteration of the pH of the 
buffer was without suc(*ess. The patterns obtained at i)H 7.9 are presented 
in figure 4, wliile those obtained at pH 6.25 are presented in figure 4, h. 
The patterns obtained with the healtliy tobacco plant at pH 6.25 are pre¬ 
sented iji figure 4, e. A printable photo”:raph Tor the patterns for the 
healthy plants at ])H 7.9 is unavailable, but the patterns for the healthy 
j)lant as shown in a and b of figure 4 may serve as a control, since the i 0.4 
pH chan<‘e caused but little alteration in the ‘general shape of the pattern. 
Th(‘ fate of compommt C liad not been determined ait the time the research 
was terminated. 

riie most reasonable interpretation of these data, with ref(‘rence to com¬ 
ponent A, is that the virus lias combined with the normal protein particles, 
impartii to them aji altered electrophoretic mobility. This phenomenon is 
not uncommon with proteins (6). 

The patterns obtained with extracts from tobacco plants infected with 
the potato Y mosaic arc i)resented in fijiure 4, i and j. The time for electro- 
j)horesis was 80 and 60 minutes; the pH was 7.5. No opportunity was 
afforded for an attempt at se})aration of comjHmet^t A auvi the Y virus. 

James Johnsoirs cucumber mosaic No. T’ was transferiMMl to tobacco 
l)lants and after sym])toms were well develo])(Hl thi‘ plants were harvested 
and the s(*annin'^' patt(‘rns (figure 5, a) w(‘re determined Avith the extracts 
from the diseased l(‘aves. IMiosphate buffer was used, at |)H 7.5. (4ompo- 
nciits A and 1! are tl <• normal tobacco-leaf proteins. The rapidly movin*? 
(iomponeut apiuirent in the as(*endinf»’ arm of the IT-tube lias not been identi¬ 
fied, and the fat(* of (‘omponent C Avas not ascertained. 

l^rice’s indicator strain of cucumber mosaic No. T' Avas likcAvise trans- 
fen*ed to tobai'co plants, and the scanninjz’ iiatterns were determined with 
tin* diseased leaves, Avhich Avere harvested aftei the symptoms in the plant 
were Avell deveiojied. Tin* data are presented in 6<*ure 5, b. Components A, 
]i, and C are tin* normal tobacco-leaf ]>roteins. The abnormal component at 
the heatl of tin* arrow niijirated with a velo(*ity of 4.0 x 10 * cm./sec./'volt cm. 

The patterns obtained Avith leaf extracts Avith the healthy pea bean, A^ari- 
ety Otenashi, are |)res(*nted in fij^ure 6, a, Avher(‘as the patterns obtained Avith 
extraids from liean leaves infected Avith Zaumeyer’s bean virus No. 4* are pre¬ 
sented in fif’ure 6, b. (kimjionents A and B in the two si'annin*:: patterns 
migrated with vehnuties of -0.25x10 '* cin./sec./volt/ciii. and i 1.9 x lO''* 

Kindly giv(*n to us hy Dr. D. M. Muiijjjcv. 

" Kindly given to us by Dr. B. L. Kicbnrds, .Tr. 
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FlCi. 0. tScjuniiii^ pattiM'iis for IkmUIiv pea bean (a) aiul for pea bean leaves iiifeetod 
uUh Z!nmi(\vi‘r's bean virus No. 4 (i>)- Moth are at pll 7.o. 

eiii./s(*c. N'oll (MU. r*t*s()betiv(‘l\\ uiul eoiupuiUMit V iu fiLturt* 6, ii, inij.rratod 
willi a velo(‘itN’ of 0,00 x 10 ‘ eiu. s(‘e., vo^t (uu. 

The pattefiis obtained at plJ 7.5 with virns-fre(‘ [)otato tubers are pre- 
stMited in fi<»nre 7, a. Th(‘se patti'rus are not inflneneed by tln‘ time of stor- 
ajiv of the tubers, and the>' are tlie same for all the virus-frt‘e tubers we 
worked with. Field-j^rown lul.ers present eomplieations wliicdi have not been 
resoh ed, sinee most viruses with whieli they may beeome inf<‘eted will remain 
iu the sto('k, and these tubers, althoujuh tlnyv may apjtear healthy, frtMpitvntly 
earry more than one virus. Patterns obtained with (Jretm iMountain and 
OobV)ler varieties of potatoes whieh wer(‘ reputed to Ik* ln*althy an‘ ]>resented 
in fi} 4 ‘ure 7, b and (-, ?*espeetively. Tiie of)portunity has not Ixhmi availabh* 
for the eharaet(*i*i/ation of the two additional eomponents whieli are obvi¬ 
ously present in the extraets, but it is s\ispeeted that one of them is the X 
mosai(x 



PlO. 7. Scmininjiy pnttorns for bonlthy j)o1;it.o tuboi’s (n ), for fiold-^rown iulu'rs of 
ilrcea Moiiiitniii j)olato (b), nnd for /ioJdM^rown tubors of (‘obblor fH)tnto (e). All are 
jit ])TI 7.5. 
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DISCUSSION 

Considered rroni the i)oiiit of view of control of plant viruses, the initial 
concern slioidd be, of (‘ourse, with a <^eneral scheine for the diagnosis of 
viiMis diseases and the positive identification of the viruses. Ultimately, how¬ 
ever, the control will be obtained through In’ceding programs based on a 
thoi'ough understanding of the nature of resistance of plants to virus dis- 
eas(\s and of the mecdianism of immunity. Tliere can be no question but that 
the key to that understanding will be in the dynamic's of the leaf proteins, 
and it will be found tlirough the employment of chemical science; the chem¬ 
istry of the leaf proteins and plant protein metabolism are fundamental to 
the problem, and one cannot expect substantial progress in the ('on'trol of 
tiiese dist'ases by ein])loying the empirical methods of the “practicar’ 
])athologist. 

Our investigations liad not reac'hed the ])()int whei'c mixtures of viruses 
w(‘re involved wlien the invesligation was terminated, V)iit with eacli of the 
r*(‘a(lily sap-transmissible viruses worked with, tiu^ [)atterns obtained are dis- 
tin('tiv(\ In no c-ase ('an it b(‘ said that the abnormal compommts in the 
se\'(‘i*al plant saps have hecm (‘stablished as the r(‘spective virus ('omponents 
couccj'ned, lurt tlio pr(^sum|)tive evidence that sucli is the* ('ase is strong. 
There is every reason to belie\ (* that the sc'lieme used herewith may be used 
generall;/ in diagnosis of virus dis(‘ases in planis and for the positive identi- 
ticaliou of x iruses in infect(*d ])lants. There arc, how(we]*, tec'hnical diffi- 
('ulties whi('h must be rc'solved. 

The nudhods available for the extraction of leaf t>*’Dteins are far from 
satisfai'tory, and tin* total (juantity of protein (*xtracted in any case is only 
a fraction of the total leaf i)rotein. Those normal leaf [>r()teins which have 
l)een extractc'd are difficult to handle; none of them have (‘ver Ix^en crystal¬ 
lized as they do not lend tlnunselvc's readily to manipulation, (■oncerning 
tli(‘ methods of extraction, tlu' use of (dher for c'ytoiysis appears to yield 
the Ix'st i-esults for extraction in genm-al, but, although ether appears to 
have no etfecd on the extractable proteins from the liealthy tobacco plant, 
little is kii-;^wn regarding its (effects on other ])lant proteins, nor is it known 
xvhat inlhuuK'C it may have on the viruses. As has beam indicatc^d, tlie gre^at 
x'irtue willi the use of edher is in the elimination of much f)igmtmt, and, with 
the elimijiation of tlie vac'uolar saf), a substantial ('oiu'cntration of tlie ex- 
trac'table j)rot^uns is obtained. The extraction of leaf propdns with solutions 
of el(^c1rolyt(*s, with the (exception of the dilute butUu* solutions, has beem 
negl(‘ct('d, and the same is true Avitli res])ect to dilute acids and bases. The 
use of the Waring hlemhu* has no influence on the patteiais obtained with the 
lu^althy tobac('o plant, tobacx'o plants infetded with toba(‘('o mosaic virus, or 
with tlie virus-free potato tubers, but the possible influence of the blender 
on tlie surfac(‘ denaturation of extractable ])roteins fr(>in other plants lias 
not been ascertained. 

These remarks regarding jiroblems involved with reference to the leaf 
proteins apply to the viruses. Virtually nothing is knoAvn regarding the 
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physical and cheniical properties of the viruses. With the exception of the 
few which have been isolated, very little may be said concerning: the condi¬ 
tions under wliich they become soluble; their t(*ndencies to become adsorbed 
on inert surfaces, su(*h as cell debris ]>roduced durinji’ extraction; the ease 
with which they become denatured; their chemical r(‘activities or ('()m[)osi- 
tion ; their relative (*oncentrations in the jdant saps; and nothing: is hnown 
regarding’ the role tJiey may i)lay in the prodiudion of disease. 

The efforts to obtain scanning patterns have been limit(‘d in Ihis study 
to a few of the viiMises which are readily sap-transmissible. Ko atteni])t lias 
been made to work with viruses which are not readily sap-transmissible or 
with tin* viriferous or nonviriferons insects known to be vectors of the 
viruses. No op])ortunity has been available for consideration of scimIs in¬ 
fected with seed transmissible viruses. 

Two suggestions are offered in conclnsio]v. In the first i)lacc tin* pll- 
mobility curves of tin* viruses should be determined in so far as it is possible 
to do so—and many of these data may be obtain(‘d without the isolatioji of 

the viruses in (|uestion-.as these data will be of considerable value in any 

sound scheme for the classification of tin' viruses, sinci* the mobility b(‘- 
havio!*s are related sf)e(‘ifically to their chemical com])osition and stru(*tur(‘. 
The second sugg(‘stion comes from the observation that tin* patterns pro¬ 
duced by ])lants belonging to the same genus have remarkabl\ similar ])at- 
terns. It would be worth while to determiin* tin* degree* of similarity in the 
several genera. 

SUMMARY 

1. The moving boujidary method of electroi)ln)r(*sis has been outlined. 

2. 8peeifi(* scanning patteums have been obtained for the extracts of 
healthy toba(*co plants and for tobae'co plants inl'ccted with tobace'o-mosaic 
virus, with the |)otato X and potato Y viruses, with dames Johnsoirs cucum¬ 
ber mosaic No. 1, and with Price*'s indie'ator strain of cucuml)ei* mosaic No. 1. 
These patterns are not identical. 

3. Sj)eejfic scanning |)atterns have been obtained for healthy ])ea beans, 
variety Otenashi, and foi- the j)ea bean infee'ted with Zaumeyer’s bean virus 
No. 4. 

4. Extracts from heallhy tobacco f)iants cojitain thi-ee proteins, and their 
concentrations and nature are not aft‘e(*ted by the d(‘veloj)ment of tobacco 
mosaic in the i)lant. The* appearance of the abnormality in the scanning 
pattern obtained with tobac(*o plants infected witli tobac(*o mosaic viiais is 
correlated in time witli the appearance of symi)toms in the i)lant. 

5. Two proteins are found in the extracts of the healthy |)ea bean. 

6. The scanning patt(*i-ns obtained with potato tubers (virus-free j'rom 
virus-free seedlings) are tiie same from seedling to seedling, and are not 
influenced by the time of storage. Patterns from api)arently healtliy field- 
grown tidjers have been observed to have more than one abnormality. 
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TWO LEGUME VllMTSES TRANSMISSIBLE TO TOBACCO^ 

10 . M . .1 O H N S O N 

(A(*('t‘|)t('(l for juibliciitioii Au^^iist 20, 1045) 

Severril virus cliseasos of alfalfa, Medicago snflra L., and wlrilr (dover, 
Trifidium rcpens [j., have been deseribed and named.-- ’ Most of tli(‘se 
ha\e a ratlier wide liost ran<»e anionj** llie le<*iiines. Virus diseases of botli 
plants oe(‘ur in Kentueky, some of wdiieh may be similar to those deseribed. 
Inoeiilation and physieal-pro|)erty studies of a virus disease ol' alfalfa and 
one of vvJiite clover, oeeurrinji- in Kentucky, are deseribed in tliis pa])ei*. 

ALFALFA YIHUS 

An oe(‘asional alfalfa ])lant with ineons])ieuous virus ])att(‘rus has been 
seen in a few" fields in Kentueky. Aff(‘(‘ted plants have a few’ irregular, often 
indistinct chlorotic' blotcdies on an occasional otherw ise normal h'aflet (Ei^-. 
1, B). The virus is mechanically transmissible to tobaec'o and s(‘veral other 
siiecies, W"ith or without the aid of carborundum, if inoculatious are made in 
the greenhouse to actively ^rowinji- youn<»‘ plants duriu”’ late I'all or early 
sprinjz’ but not during** the summer or wintei*, possil)ly because' of the elfecd 
of a hi^rher temperature on virus content. The symptoms on various plants 
are deseribed in table 1, and some are illustrated in figure 1, A, li, and I) and 
fipire 3, A. Physical j)roj)ei-ties of the virus are ^ixcMi iji table 2. 

The alfalfa virus is transmissible from alfalfa to idfalfa by aphids but, 
in these tests, not by mecliauic'al methods even wlien carborundum was used. 
Aphids were collected on alfalfa in the field and j)la(‘e(l on an alfected alfalfa 
|)lant in the j»Teenhous(‘. A few days later tlu'st' were' removed to 10 disc'ase- 
free alfalfa seedlinj»‘s. After several wc'eks all the alfalfa plants showa'd 
symptoms typical of the alfalfa mosaic. AVhen inoculations were made to 
tobac'co w’ith this material, typical symptoms developed. Twelve healthy 
alfalfa seedlings were set out-of-doors in an isolated area on A]>ril 2. At the 
sanu' time an alfalfa [riant affected with alfalfa virus was set at each end of 
the row'. On April 10, aphids were numerous on all plants. In November 
all the alfalfa plants show'ed typical s^uiiptoms of the alfalfa mosaic. Iuocmi- 
lations, made the follow’inj»' spring’ from these' [>lants to tobacco, insulted in 
typical symptoms of ali'alfa mo.saic*. 

June Pink and Marj^lobe varieties of tomatoes, wlitm inoculated witli 
alfalfa virus, develop only small nec'rotic spots on rul)bed leaflets. When, 
liowr'ver, tomato cuons art' ‘rrafted on alfalfa-virus-affeided tobat't'o, the cions 

i 4'lu‘ investigation re])orte(l in tins p.'ijier is in eoiinevtion witli n pio ject of The 
Kentneky .Xgiieultunil K.\j>eriment Stntioii and is [mt>lisli(*d by jiennission of the Diveetor. 

^.lohnson, Folke. 4'in* complex nature of wliite (*lo\'er mosaic. JMivto])ath. 31: 
lO.VlH). PHI. 

• Pierce, W. IT. Viruses of the l>ean. JMiyl{u>ath. 24: 87-115. 1!)54. 

^ Weiincr, J. I-, Studies on alfalfa mosaic. Phytopath. 24: 259-247. 1954. 

^ Zanmeycr, W'’. .1., and B. Jj. Wade. The relationship of certain legume vii us(‘s t(» 
bean. Jour.' Agr. Res. I ILS.J 51: 715-749. 1955. 
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1. A. lii‘(l-('l()V(‘r lc;if .-itrecti'd witli virus. B. Alfulfa lonf showing 

lypicni mottling ('.‘iiisod hv nlfnlfn virus. (■. Jiod-rlovor Ic^avos nfft'ctc'd with Avhito-olovor 
\ ii us. D. Cucunilu'r lonvos sliowing mottling and distortion (*aus(‘d by alfalfa virus. All 
Ion VOS from samo plant. 

show strikiiiji* symptoms. Necrotic* streaks develoj) oii stems and petioles, 
tlie leaflets are small and (*rinkled and their margins are rolled downward. 
The leaves eurve toward the stem giving the entire eion a dwarfed, bnnehed 
apfioaranee. 
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Dodder {(luscufa sp.), well established on a tobaeeo plant affected with 
alfalfa virus, was trained to a virus-free ciu'iiinber seedlinji'. Four weeks 
later the cueiiinber i)lant develo]>ed syiui)to!us t\])ieal of the virus (Fijjf. 
1, D). Inoculations from this <*ucumber plant to tobatM'O resulted in symp¬ 
toms typical of those produced by the alfalfa virus. 

WIlITK-CnOVKF? VIKUS 

A virus disease of white clover has been seen for several years iji small 
areas in an occasional pasture or lawn. Affceded j)lants liave irregular, pale 
yellow, mottled areas between the veins on a few to seweral, otherwise normal 
leaves. The virus is mechanically transmissible to tobacco and a f(‘w other 
plants (Table 1) if inoculations are made in late fall or early spriri*;'- (Fij*'. 
1, C, and F\^. 3, B). 



Fig. 2 . Wliit(*-('lovcr lc;if nffeeded with the cr virus. Xulural iuft'ctiun. 

Attempts to infeed white-edover jtlants mechanically with the* virus from 
affected white clover, red clover, tobacco, jiardeu peas, and jiarden bt*ans 
have been unsuccessful. The virus is transmissible* te» reel e'lover freim any 
of the spendes medianically infected with the virus (Fijr. 1, C). No stuelies 
were made on elodeler or a])hid transmissieui of this ^'irus. 

COMPAKISON OF ALFALFA VIUUS AND W IllTF-C’LOVER VIRUS 

Althoujrh, in these stuelies, the alfalfa virus a|)pea]*s to liave a wider lie>st 
raMj4e than the Avhite-clove*r virus the symptenns eif be>th apjiear very much 
alike on plants susceptible to bedh viruse*s. This i*esemblane*e* is se>me*times 
striking!: on tobae'co [ilants that ha\'e been infecteel for some time. On reel 
clove*r and ^^arden pe*as the symptoms are identie-al. The* diseases re'seinble 
each other in that sym|>toms are maskeel at hi”!' temperatures. Neither virus 
e»an be transmitted m(*chanically, even with the aiel eif e-arborunelum, when 
the temperature is about 80'' F. or aliove. The ])liysie*al j)re)])erti(*s are very 
much alike (Table 2). 

Photo^rajihs and descriptions of the alfalfa virus on certain hosts were 
sent to Dr. W. J. Zaumeyer, who .states: “The mottlin<»' of the alfalfa leaves 
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looks tyj)i(:al of the symptoms produced by the common alfalfa mosaic virus, 
but that means little sim^e 1 feel that there are many strains of this virus. 


TABLE 1 .—Mrans of hanamission of alfalfa and whitc-dovcr virusaa and tho .symp¬ 
toms prod nerd in varion.s plants 



Alfalfa virns 

White 

clover virns 

Host jilaiit 

Means of 
transinission 

Symptoms 

Means of 
transmission 

Symjitoms 

Alfalfa, Griiiiin 

A])liids, not 
nieclnmi 
(“il 

Systemi(* mottl in^; 

Not mechani¬ 
cal 


K(m 1 (‘lov«‘r, Ivy. 

llnbhin;; 

do 

Tfnbbing 

Systemic mottling 

ini 

W^liilc (‘lover 

do 

do 

Not mechani¬ 
cal 

Systemic mottling 

Pea, Dwarf 
'rdeiilioiu' 

do 

Sy ste m i c mottling;, 
Steni and ]»etiole 
neeroti(‘ streaks, 
Dwarliii^, Dis* 
tortion 

Rubbing 

Systemic mottling. 
Stem and ]ietiole 
necrotic stremks, 
Dwarfing, Dis¬ 
tortion 

Bean, St riunless 
(}r(*(Mi Uef 

do 

Neerotic spots on 
rubbed leaves 

do 

Sy st e m i (* n i ot.t 1 i ng, 
Necrotic spots on 
rubbed leaves 

'I’obata'o, Ky. Hi 

do 

Systemic mottling. 
Necrotic or clilo- 
rotie ring and 
line patterns, 
Dwarfing, I)is- 
tortion 

do 

Systemic mottling. 
Dwarfing, Dis¬ 
tortion, Necrotic 
or chlorotic line 
])at terns 

Tomato, June 

If libbing, 

Necrot ic spots on 

Not mediani- 


Pink and 

Ma r^rlobe 

di'aftiii^'' 

rul)l>ed leaves, 
Stem and petiole 
necrotic streaks. 
Dwarfing, Dis¬ 
tortion 

cal 


Zinnia. P(inij)on 

Ifn bbi n;;' 

(dilorotic or ne¬ 
crotic spots (Ml 
rublied leavi's. 
Dwarfing, Dis¬ 
tortion 

do 


Ciit'nnili(‘r, Lon;; 

(i reel! 

b’libbin;* : 

1 >od(l(‘r 

Systemic mottling, 
(dilorotic »>r m*- 
crotic s|)ots on 
rubbed bvives, 
Dwarting, Dis¬ 
tortion 

do 


l*ol\eW(‘ed, 

rhyi(darra 

Ifnbbin;:; 

Xt’crotic spots on 
nibbed leaves 

do 


a mrrirana 

JN‘|)j)(‘r, (Califor¬ 
nia Wonder 

do 

Sy ste 1 nic mo 111 i ng. 
Necrotic or chlo¬ 
rotic ring and 
line patterns. 
Dwarfing, Dis¬ 
tortion 

do 



. . . The virus wliieli you luive is ai)j)areiitly a strain of alfalfa mosaic and 
(lilferent from those whieli I have dealt with. The ones which 1 published 
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Fig. o. a. Hurley toliueco uftVeted with uifulfV) virus. H. Leuf of ]>nrl(‘\ IoIkhm 
affcetod with wliit('-(']o\(‘r virus. 

rAHF^E 2.—Phifsirdl prit/u rfus af affulfa (tud trhih (‘hnu r rintsrs 


Hliysicul )>ro|)erti<*s 

Airalf'a- 

\ irus iiiHM*ti<m 

\\liit»*-olovor 

^•irus ijitVction 


Hositivo 

X(‘l,mtivo 

1 ‘osit i VO 

Xt*^atlv(‘ 

ToUu'Miice toylilut i(oi 

1 : 100 

1; r>(K» 

1 : [Oil 

1 : 5(1(1 

Tliennul iiiuctivutiori 

oS -^ (\ 

(I(» min. 

) (lOinin.i 

no 

(10 min. / 

:,s ( \ 

(10 min.) 

KtesistuJUM' to in 

vitro at room tem- 
})<‘ratur(‘ 

72 hrs. 

9li hrs. 

00 lirs. 

120 hrs. 

Hoyistance to tlryiiifr jit 
room tomporatiiro 

IT) <lay.s 

30 (lays 

15 (lays 

30 (lays 
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on Avcre not infections to tomato, liowever, tliey did infect tobacco and 
ciKoiniber l)iit tlie symptoms on the latter were not as severe as yonrs/^ 

The \vhite-(dover virus does not appear to be the same as F. Johnson’s 
\vhite-(‘!ov(‘r mosai(*. Both viruses of his complex, pea mottle and pea wilt, 
have ^realei* dilution values than the Avhite-(*lover virus herein described and 
tliey affi'ct neither tobacco noi* tomato. From the brief studies reported in 
tliis jiaper, tlie alfalf'a and A\’hile-(‘lover viruses, tentatively, may be con¬ 
sidered strains of alfalfa mosaic and related to the alfalfa mosaic' virus 
des(M'il)C‘d l)y Zaumeyer and AVade. 

STTMMAKV 

A virus disease of alfalfa and one of white clo\'t*r oc'ciirring in fields are 
described. Althoii|>h the two viruses have different host I’anjics they resem¬ 
ble each other in sym])tomolooy on tobac'co, peas, and j*ed clover. The physi¬ 
cal }>roperti(‘s appear very similar. Both appear to be strains of one virus, 
probably the alfalfa mosaic. 

IvKNTl’CKV AcanC'TTLTUKAL KxCKHIMKNT STATION, 

] J K\ IN0 TO N, K1:N'1’ V ('KY. 



CANKER OP HYBRID POPLAR CLONES IN THE TINITED STATES, 
CAUSED BY SEPTORIA MIJSIVA 

A L M A M . W A T K K Af A N » 

(Accepted for publicution Septi^iiiber 1, 1945) 

In the late summer of 1941, si)eeimeiis of a braiK*]i and stem eanker (Pijr. 
1, A) on clones of hybrid poplars, collected at a plantation of the Soil Con¬ 
servation Service, Attica, New York, and at the New York State Nursery, 
Saratoga Springs, New York,* were referred to the writer for exainination 
and a determination of the cansaL organism. The disease was reported to be 
prevalent in these experimental plantings on many of tlie clones of hybrid 
poplars that have been developed by Schreiner and Stout (10, 11) for pulp- 
wood reforestation. The cankers did not resemble tliose (*haracteristi(' of the 
common poplar diseases caused by DothlchUa popnJca Sa(‘('. and Briar<l and 
Cytospora clrrysospcrma Pr., although mature j)ytmidia of Cfffnsponi Avere 
I)resent on or surrounding some of the (*anker(nl areas. Sporodorhia of a 
species of F}isarium were cons|)icuous on a few of tlie cankers, but, in a 
siiperfieial examination, no fungus couh’ be found consistently in the dis¬ 
eased areas. On two of tlie caidvci's from the Attica collection a few small 
black ])ycnidia containing liyaline, curved, sei>lat(‘ spores suggeslive of a 
Sepforia Avere present. TJie same fungus was olitaiuod also in tissue cultur(‘s 
from a number of caidv(‘rs in both collet'tions. The S( i)fifria corres])onded 
Avith the description of 8. tnusira Pk. ( 8) that P»i(*r {1 ) has re(*ently re|)ortcd 
as the cause of a seiuous canker disea.se of hylirid poplars in Canada. 
Cankers similar to tliose on tlie Attica specimens wen* rct-enlly collected-' 
from hybrid poplar clones [ilanted by the T(*nness(‘e Valley Authority at 
Norris, Tenne.ssee. No fruiting bodies of 8. inNsictt wen‘ oV)servi‘d on tlu^ 
cankers, but tissue cultures developed tyjiical pycmidia and s|)or(*s. 

Because of the ajiparent severity and imfiortance i>f the disease on elones 
of hybrid po])Jars that have proved parlicularly adaiitabh* for reforestation, 
the xiresent paper gives a brief review of tlie hosts, the distriliution of the 
disease, the symptoms, the causal fungus, and the results of inoculations to 
test the relative susceptibility of a few of the clon(*s. 

HOSTS .\XI) niSTKIiil TlON 

A canker disease of Russian ])oj)iars {jirobably Pitpnlus })((rnwskydua 
Schn(‘id.) grown in ex])erimeutal plantings at the Nortlu‘rn (Ireat Plains 

1 A.ssoci:jtc Division of Forest Pntliology, Uiirenu of l*l;int Industry, 

Soils and Agri(Milturi«l Fugineering, Agrivultunil Kesenieh .XdniiuiHl rotion, F. S. Depnvl 
)noiit of AgricMjlturo, New iluvcn, Foiin. 

- ^J'liesi* eoileetions were* I’oceived respectively from F. J. Selireiiier, Sejiior Silvicul¬ 
turist, N'ortlu'JLSteru Forest Fx]»eriiiieut Stuti< fi, Fon-.st Serviee, F. S. !)e)uo tineiit of 
Agriculture, Fliijjidolpliiji, Pu,, arni from d. It. Ilamslirougli, Fatliologist, Divisiem of 
Forest Pathology, Pureau (»f Plant Industry, Soil.s and Agrieultuial Fngirieeritig, Agri- 
eulriiral Keseartli Administration, F. S. Department of Agri<Miltni*e, New Haven, (\>nn. 

<1 The collection was made by G. F. Hravatt, Senior Pathologist, and the eulturi's wen* 
ref»'rr(‘d to the writer by II. W. Jlavidson, ]*athologi.st, both of tin' Division of Forest 
Pathoiogy, Bureau of Plant Indu.stry, Soil.s and Agrii'ultural Fngineeriug, Agri<‘ultural 
Kesearcii Administration, IT. S. Department (»f Agrieulture, Iteltsville, Maryland. 
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Field Station, Maiidaii, North Dakota, was reported by Johnson and Cobb 
(6) in 192J. The eause of tlie disease was nnknown but it was described as 
‘^a disease which soon <»:ijTlles the tree, «»enerally near the base or at a crotch, 
and kills the portion above the canker/’ In J936 the Northwest poplar, a 
rapid-«i:rowin^' hybrid, presumably balsam poplar {P. lacamahaca Mill.) x 
(‘ottonwood (probablx' P. delioidvs Marsh.), and considered to be native in 
Noi'th Dakota, was described by (leor^e (5) as ‘/subject to canker.” In 
(■aiiada, the iniportanci* of canker on poplars in Saskatchewan has been 
emphasi/ed (3, p. 28) and a briel’ study of the dis(‘ase and its cause was made 
at Indian Head, Saskatc-hewan (4, pp. 24-26). An unidentified species of 
Srpiorid was isolated from l(‘af sj>ots and <'ankers, and the susceptibility of 
P. jji na and Nortlnvest poj)lar was j)roved by wound inoculations 

of cuttings in tin* greenhouse. 

A more detailed study of the disease at Indian Head and at the Petawawa 
Foi-est Fxpei-iment Station, Ontario, (hiiiada, was reported by Bier in 1939 
(I). He identified the causal fungus as Scpforia niiisiva^ which was de¬ 
scribed i)y Peck (8) in 1882 on living leaves of Popnlns ddtoides {P. moni- 
Ilf era Ait.) at Albany, N. V.. and which is indigenous in North America. 
Biv‘r’s iiKH'idations of cuttings in the greenhouse proved the {Susceptibility 
of the hybrid po|)lars Pifpiihts rasurnowskijana Schneid., P. pftroivskyana, 
and P. h(rolinensis Dip]), to stem infection. The Northwest poplar and all¬ 
ot lier hybrid known as Saskatchewan poplar, with a similar jiarentage, also 
W(*re suscejitible. However, the native ])oplars P. tacamahdca and P. dcl- 
f(tides (designated by Bier as P. halsaniiffn! L. ), from which these hybrids 
w(*re dei'ived, proved to be r(*sistant to canker formation. He found that leaf 
lesions wei‘c univ(‘rsally j)resent on jilantation trees susceptibh^ to canker, 
and |)rov(*d, by inoculations in the greenhouse, tlie susce])tibility of tlie two 
species of native poplars, as well as the hybrid ]) 0 })lars, to leaf infection. 

Tliom])son (12 ) studied jdoria musira as the cause of leaf ^jpot of pop¬ 
lars in the United States, and reported a twig lesion only on one shoot of 
Po]t\dns szcchuanicd Schneid. From his inoculations of poplar cuttings in 
the greenhouse, lie found that 2(i species and varieties are susce^ptible to leaf 
infection, im Inding P. ddiximoivirzH Henry and the Russian hybrids P. 
pelrowskyaHd and P. hcrolineHsis. 

Reccuitly a canker disease of jioplars in Argentina was described by 
Sarasola (9) as caused by Sr pf or id idfiaird ami observed for the first time in 
that country in 1941. The origin of the fungus in South America is not yet 
known. Several hybrids and varieties of ])oplars, including clones developed 
by Sidireiner and Stout (11), were reported as suscejitible. The species 
Popdlds Idurifdlid Ledeb. and P. simonii Carr. (P. przewdlakii Maxim.) also 
w(‘re re|)orted (9) as susceptible. Leaf spots from whi<*h the same fungus 
was isolate^d occurred on the susceptible trees. 

SYMPTOMS AND CAUSAL FUNdUS 

Tlie relation of leaf infection to the development of i*ankers on the hybrid 
poplar clones in the New York plantations has not yet been determined. 
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Bier (1) stated that spiinji' infeetioii oi* leaves and t^vi^■s of the enrrent yt^ar's 
jiT’owth is broiij^’ht about by aseospores of the perf(‘et stajie (Ji/yeas 7 >AYU'/v//.a 
popularinn (j. E. Thoiupson) produe.ed in fallen leaves or in dead leaves 
that Iiave reniaincd over \vinter on affeeted twi|Lis. This indieates tin* iiupor- 
lanee of leaf ini'eetion in tlie spread of tin* eank(*r dis(‘ase. Bi(*r also found 
that, in the spring, mature j>eritheeia and py(‘nidia with viable spores are 
sometimes present on (‘ankers fornu*d the }>r(‘vious year. Inft'etion of newly 
develoj)ed leaves is evident by the presenee of small, brown, (‘ir(‘ulai* or angu¬ 
lar spots with yellowish or white (‘enters. 8 (wei*a[ sj>ots may eventually 
e()ales(‘e and increase in size until large areas are alTci'ted. Small black ]>yc- 
nidia ap})ear in the lesions on botli leaf suri'act*s. Tlie h*av(*s on tin* lower 
branches are most commonly affected, and early (b‘foliation of tliese brancln‘s 
may occur. lnfe(‘tion oF tin* twigs, as in(licat(*(l l)y the spec/imens from the 
New Yoi’k plantations, may take pla(*e through lcnti(*{*ls or wounds on the 
cunvnt season's growth. Bier (1) also ]*(‘ports inf(*(‘tion through petioles 
and stipiil(‘s. Tlie bark of young lesions is dai*k brown oi* black and (!<*- 
l)r(:‘sse(l, with a whitish (‘cntral area in which small bhu'k jiycnidia soon 
appear. On the most susce|>tible ]>oplar.f the rapid s|)r<*ad of tin* fungus 
results in the girdling and death oi* tin* twig during the late summer. Tin* 
fungus continu(‘s to grow from tin* axillary twigs into the main stem, on 
which ])erennial cankers may be form(*d. Tin* jircseiice of cankers around 
sev(‘ral leaf axils along the stem, with tin* swelling oF tin* stem at the margins 
of the cankers and the constri(‘tion in the ajfcct(‘d areas, ri’snits in a jiro- 
nounced distortion of tin* stem. Pycnidia of S( piurli} ninsirn are rar(*ly 
found on tliese cankers, lint the (b*ad bark and marginal callus tissm* may lx* 
invaded liy seimndary Fungi, particularly a spi'eies oF f'//hAsye.ov/, jirobalily 
(\ chrijsospi r)n(L The continued (lev(‘lojuncnt of the cankt*rs t*veutually 
iTSuJts in girdling and d(‘ath (d' the tire. In tin* moi’i* i'(*sislant tr(*(*s. tin* 
cankej's develo|) inor«* slowly and in .some cases (*\ t‘nt ually become (►\<*rgro\Mi 
W'ith callus tissue, with no further sjUTad or girdling of the st(‘in. 

Bier (1) and Thompson ( 12 ; givt* brief discussions of the tax(momy and 
inorphology of >S. ttnisltrp ami the characterist i('s oF (he Fungus in the }n’(‘sent 
study, on the hosts ami in culture, agree with tln'ir descri|)tions. Tin* spore 
measurements for (-onidia arc* as follows: From ])y(‘nidia on leaves -Bi(‘r’.s 
measurements (330 spoivs fr<an 4 hosts) 17.2-51,6 • 3 4 p, Thompson's nn*a- 
surements 1850 sjiores from 7 hosts) 28 54 . :p;y 4 From pycnidia on 
cankers---l>ier’s measurements (180 spor(*s From 3 hosts) 21.5 55.6 x 3 4 p, 
the present study (200 spores fi-oni 2 (*l(»n(‘s) 24 56 • 3.5 4 p. Sai-asola (O) 
gives m(‘asurements of 1200 .spoils from t)ycnidia on tin* l(‘a\(‘s of various 
liosts as 18.5 70 X 2,0-4.!) p. This latter range is indicativ(‘ oF the wide vari¬ 
ation in spore length mentione*d by Davis (2), who ('onsideiM*d musirn as 
a composite sj)(*ci(xs. 'rhompson (12) dc*scribed S. pojxdiroia Pk. as distinct 
from aS. musira^ having a range in spon* length of 45-80 p. with an av(*rage 
of 62 p. The average of siiore length reimrted by Sarasola was 43.4 p, whi( 4 i 
would seem to plac'C Ids fungus in aS5 niHsiva, 
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Iji IIjc* prespiit study IIk* (-Musal fuuiius was isolated and jirown on Le- 
oniaiCs iiiediuni (7), ironi sinj»Ie s|>ores produeed in pycniidia on the eankers 
in the Attiea eollection and IVoni the iinier bark of nonfniitinj!: eankers of 
both ('olleetions. Tlie colonies ^rew sIoavIv and ])rodue(Hl pyenidia and spores 
dnrin<^‘ a eoinparativt'ly short period, about 2 or 3 nionths. The entire sur¬ 
face of tile ('olony then bei'aine overgrown with a profuse wliite or pinkish 
niye(‘liuni and no furtlnn* fruiting- took place. This niyeeliuin juTew readily 
in transfers, without the jiroduetion of jiyeiiidia or s[)ores. Transfers by 
means of sin^’le spores from fruiting- enltures prodiK^ed mature pyenidia for 
some time, but evimtually, after about 8 or 10 months, ti’ansfei's of this type 
also failed to sporulate. Repeated attem])ts to obtain fruiting- pyenidia by 
transfers of the myi'elium to stcvrilized ])oplar twi^s failed. However, when 
the my(‘elium from the Attiea isolations was inoeulated ijito living* twi^s of 
snse(‘i)tihl(‘ tr(‘es, (-ankers and ty{)ieal fruiting- bodi(*s wer(* formed. The 
fruiting* jieriod of the isolations from the Saratoj^’a speeimeus was shorter 
than tliat from tin* Atti('a spec-imens and in inoculations the mycelium failed 
to produ(-(‘ fruitinu’ bodi(-s on tin* cankers. ]>ier (1) and Thom}>son (12) 
I'ound tliat in (Mihiir<‘ some colonies never form pyenidia and spores. 

INOCULATIONS 

Three series of inoculations were made on cuttinjis from 10 clones of 
hybrid jxiplars s(‘lected by Schia'iner for their vigorous jirowth and for their 
apparent variation in susceptibility to the disease in the nursery. The 
j)arcnta«ic‘ of tlu* clones is as follows: 

()P-1 rupuhis iiifira r. ((iiirifolid\A'<h:]). 

()P-:i do do 

Ol* 4 do do 

( * ilo ■ I\ 11 iclnKuirpa Uintk. 

Oi’-dl’ do \ni\ h((nlifnliti (porsli i Ton;. V. iriciiooarpa 

Op -11 nid.f'imoiricz'ii Mciirv a P. trirhonirpd 

() P - 4 <) do • I'. !)< ro1 1 Id H A/x I) iI)]». 

OP- 47 do do 

OP-oH dc • I\ nidi'd \[\\\ iihuit i( I t Hfiis ( Siiiiou Louis) ScliuoiJ. 

OP-oo /^ fdiiclit'diis .Ait. A /A ht roliin //.s/.y 

Th(‘ (-nttin.jjs Avei’(‘ root('d and ])otted in tlie greenhouse, and the current 

season’s growth was inoculated in June. The inoeuium consisteil of pieces 
of sporulatinu' pyenidia from the sinjile-sjiore cultures from the Attica speci¬ 
mens and trom tissue (-ultiirt^s from the Saratoga specimens. Ten inocula¬ 
tions (1 on eacli clone) made by placinj:* tlie inoc-uliim from the Attica 

isolate in uninjured leal' axils. In Id additional inoculations with the Attica, 
isolate the inoculum was placed in contact with the exposed wood of small 
trian<.»ular stem wounds made with a stmnle scalpel. Two similar series of 
inoculations were made with inoculum from the Sarato«>a isolate. The inocu- 
lat(‘d areas in all ('as(‘s wore protei-ted by wrapjninjs of wet cotton and waxed 
})a])er ti(‘d at botli ends, tlie wra|)pin*!:s beinji* remoAcd after 10 days. A con¬ 
trol, consisting' of a stem w’ound without the insertion of the inoculum, was 
made for each ]>air of wound inoculations. 
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From tlie avouikI iiux^iilations with inorviliim from tin* Attioa isolate posi¬ 
tive results were obtained on elones ()P-2, 46, 47, and 52. Ty[)ieal cankers 
and mature pycnidia were formed, and Septoria tnusrra was reisolated in 
siiijLile-spore cultures in September. On clones ()P-4, 11, 12, and 41 opvn 
wounds resulted, but no fruitinjr bodies of S. nnisiva were present and the 
fuii'ius failed to develop in tissue (Uiltures I'rom the wounds. This may liave 
been due to the fact that othei* funai, such as Fusarium and Cpfospora, were 
abundant and may have overjiTown the more slowly develo|)in^‘ Scptoria. 
The wounds on OP-1 and 55 lu'aled normally, as did those on all tlie controls. 
On clone OP-4 infetdion ocxuirred throujih a leaf petiole from the inoculum 
placed in the leaf axil, and S. rnusiva was reisolated trom spores in pycnidia 
on a small stem canker. 

The inoculations with tlie Sarato<^a isolate i)roducetl partially healed 
wounds on OP-2, 11, 41, 46, 47, 52, and 55, with no evidence of pycnidia of 
Sepforia niiisira and the fungus failed to tleveloj) in tissue cultures from the 
Avounds. On clones OP-1 and 12 the wounds inoculated with this isolate 
Jiealed over in the same manner as the controls. Peeause of the failure to 
obtain positive results with this isolate it was not used in the two followint:’ 
series of inoculations. 

The uninoculated (‘uttin;is remained in an unheated jireenliouse during’ 
tlie winter and were jilanted outdoors the followinji* sprini!'. Two seri(‘s of 
inoculations were made in dune, one. on the stivms of the |)r(‘vious year's 
jiTOwth, consistinii' of the applii'ation (»f myi'clium to the exi>osed wood of 
stem wounds as in the |)re('(‘dinp- expiu-iment, and the’other, on the ciirnmt 
season^s jrrowth, of a spore susjiension on uninjured leaves jind p(‘tioles, and 
on stem wounds. The wound inoculations were prot(X*t(*d with wet cotton 
and waxed paper wrappings for 10 liays in the first s(‘ries and for 72 liours 
in the second series. The iiKX'ulum was derived Id’orn sin;»le-s]x>re cultures 
from the Atti('a isolate, in tlie fir.st series 2 stem inoculations wen* made on 
each of the 10 clones. In both series, eontrols were made on each eloin* to 
corresjKuid with tlie ditfen‘nr ty|)es of nuxuilations. 

The cankers resultiiiji' from the imx'ulations in the first outdoor series 
were collected in September for examination and reisolation of tlie funjzus. 
Heploria rnusiva was reisolated in sinjile-sjx>r(‘ eultures from the two (*ankers 
on OP-2 and from one canker on ()P-46, 47, and 52 ( Fi^-. 1, P, 0). Fruitin*: 
bodies of a sjACcies of Fusarium were present on the sceond (‘ankei- on ea(*h of 
these three latter clones, and no other fun^nis was obtained from ti.ssue cul¬ 
tures. The two cankers on OP-12 and 41, and (me on OP-4 were ()ver<:rown 
with a species of Cytospora and of Phomopsis. Tin* second (*ankei- on ()P-4 
.:^ind the two cankers on OP-11 and 55 had healed. 

The cankers in the sec'Oiid outdixir series, n^sultinj*- from infeetion of stem 
wounds, were collected and the fungus reisolated one mouth after inocula¬ 
tion. At this time reisolations were made also from the leaf sjiots and petiole 
infections. In this series no seeondary fungi had invad(‘d the inoculated 
iitem wounds and mature pycnidia of ^cpioria rnusiva AV(‘re jiri'sent, (vxcept 
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Fl(i. 1, ('Milkers eMiised hv Srptoria 'trtsirn on eldiies of liybrid iioplars. A. Canker 
on a )l yeai old stein of a plantation tree. x 3 . Ib (lirdliny- ranker from stem Avoiind 
inoenlation on clone OF-'J. 1. C. Canker from stem wound inoculation on clone ()P-4(). 
■ :1. I). Stiun wound in inoculation control on clone OF—I, sliowintr normal healing, xl. 

Fliotoj»raidis by K. i*. Marshall. 

on el()]i(» OP" 55. Ilotvovof, variations in susceptibility were imlieated by tlie 
(‘onsi)ieu()Us l)1a('keniii.ti- of the bark sniTonnciing- the wounds on clones OP-2, 
4(), 47, and 52, in contrast to a very sli<iht discoloration on clones OP-4, 11, 
12, and 41 Tlie wound on (vlone OP-55 liad not bealed and the stem was 
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sliglitly depresvsed, but no bark disroloratiou \vas o\ ident and tlie tissue eul- 
tiires remained sterile. 

Tlie leaf spots resulting*' from the inoeulations eorresponded witii those 
described and illustrated by Bier (1), and mature |)ycnidia with spores 
extruding* in pinkish cin*i were present about tliree \vt*eks after inocoilation. 

Table 1 gives a summary of the results from tlie thr(‘e series of inocula¬ 
tions with the isolate from the Attica sp(‘cimens. In all controls the wounds 
healed rapidly and normally (Fig. 1, D). 

TABTiE 1.— 7\*rsulfs of inociihiiions of hiihrid popUir clout s with Scpittria musira 


B.'ii't itiofulMlca 


Clone Stem wound Lenves .Petiole 



lnoc.=‘ 

[nf.« 

Inoe. 

Inf. 

Inoe, 

Inf. 


A'o. 

Ac. 

A 0. 

.Vo. 

AV>. 

Ao. 

OP-1 

4 

;i 


1 

2 

0 

OP-2 

4 

4 

o 

!'> 

o 

u 

01*-4 

4 

;i 


.) 

.) 

1 

OP-11 

4 

1 

i) 

1 

2 

0 

OP-12 

4 

1 

*> 

oi» 

2 

0 

OlWl 

4 

1 


lU' 

2 

0 

(.)P~4(3 

4 

;; 


1 

2 

n 

OP-17 

4 

5 


.) 

o 

1 

OP-52 

4 

:i 


0 

2 

0 

01»-r)5 

4 

0 

•> 

0 

- 

0 

Trioc. 

: iiioculntions. Tut 

. :::: illfcel iuJlS. 




One le 

Ilf iiUK'ulation of c 

lone OP-2 

and OP-1 

2. and l)(4h t 

‘al’ inoculations on <'lon»* 

-41 wert' 

pi’inied hv mistnki* 

before the 

r<‘suits vv 

r<‘ observed. 




Disrcssiox 

The results from tlicse few inoeulations are not iumsidered to be eonelu- 
sive evidence of variations in susc<*])tibility to stein infection among tlie 
clones tested, but they seem to indir-ate a high degree of susceptibility in 
clones ()P-2, 4(), 47. and 52. Of these*, the tlir(*e latter clones were deriv(‘d 
from hybrids witli Pnpuhts nia.riniutriczii as oin* of the parents, and ib 
htrolinensis as the other parent in two cases. The suscej)tibility of I*, masi- 
uhnvtczii has not bemi tested, but P. hrrohin nsis pro\’ed to bt* susce[)til>le in 
the inoculations made by Bier (1). The high susce|)tibility of chme OP- 2, 
with a parentage of P. nif/ni P. laurifolia, indicates the desirability of test¬ 
ing tliese two pan nt species. However, clones with the same parentage may 
vary in susceptibility, as shown by the variation in inoculation results be¬ 
tween clone OP-2 and clones OP-1 and 4. !>ier also found tliat the x\orth- 
west poidar, a natise hyhriil, showed a liigh j)erc(*ntage of inlVction, (Mjual 
to that of tlie exotic s])eci(*s P, rasf()Hoivsl{fjalui, whil(‘ the nat ivi* spe(‘ies from 
whiivh file !\or1hwest poplar was derived were resistant, lie jiointed out that 
Siptot'ia musiva is an example of a native fungus of minor importaiu'c as 
the cause of a leaf spot on native s])eeies, which may act as a virulent parasite 
on new hosts, such as hybrids and exotic s|)ecies. 
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The a(‘1ual (listributioii of Septoria rnusiva in cankers on the various 
exoti(' sj)(*cies of poplar in tlie United States is not known. Apparently there 
have been no re|)orts in lit(‘ratnre of a similar canker disease other than those 
already mentioned fj*oni North Dakota. Ilowevei', the prevaleiK'C of secon¬ 
dary fim^i sneh as Viftospara, Fnsarliim, and Phomopsis, on cankers in the 
plantations and following* iiKxnilations, and the difficnilty of isoJatin<>’ S. 
nmsfra from eanloM's thus inf(X*ted, snjrjrest the possibility that the disease 
may liave been ov(*rlooked. In Canada (4) a perennial canlon* of iinknown 
origin was (hseribed on Russian poplars, from whi(*h a species of Cpfospora 
was isolated. The fim^ns was found [)articularly in (‘ailus tissue surround¬ 
ing’ wounds and was considered to be responsibh* for the continuance of the 
disease. Mor(‘ovej*, Rier ( I j stated that Ciftospora was frequently isolated 
from tht‘ mar^^ins oi* older cankers that therefore mijiht be the result of com- 
biiK'd infection by hutsii'a and the Cijfosjxjra. Pycnidia and spores of 
S. tnusira an* a})i)arently produced during a very short period, even on tlie 
most susc<*ptibl(‘ tr(*es. Infection by tlie fungus retards callus formation 
and. on the more i*t*sistant tre(*s, cr(‘at(‘s conditions parti('nlarly favorable for 
infection b\’ raj)id-;!rowin,u' secondary funjii. This is evident from the fact 
that all of the wounds made in tiu* controls of the inoculation s(‘ries liealed 
i‘a[udly. with Jio infection by any fungus. It is ])ossible, therefore, that on 
slijihtly .susc(‘ptil)le po|)lars the jiTowth of N, nnisira mi}^'ht be retarded or 
even i)reventcd by species of (^pfospora or similar fiinpi. 

Daihtrhnu jxtpulin, the cause of a diseasi* of j)o|)lars. conimon in this 
country and Europ«*, was not fo\ind in any of the caidicrs examined from 
the New York i>lantations. However, ('hnies of K) of the hybrid poplars 
develoi)ed by S(direinei’ and Stout (11) were tested by Van Vloten (PI) for 
sns('eptibility to />. ptfpfilra. Jlis i*esults indi(*att‘ that the clones most sus- 
ce|)tibl(* to that fnimns were those of parenta<»'e similar to OP 2, 4(), 47, and 
52, wlii('h also proved hiiihly sus(*eptible to Scpfaritf nntsird. 


Sl’AJ MAR V 

A caidsi r d'seasc of hybrid poplar (dunes iji two plantin«i:s in New York 
Stat(‘ and in a pla«din^’ made by the Tennessee Valley Authority at Norris, 
Tennessee, is (-aused by Ne/dm /// nntsiva. Tin* funj.iTis is indigenous in North 
America. (nxMirrinii’ on livin**- lt*aves of various species of native and exotic 
])oplars in tin* United States and Canada. The < ank(‘r disease has previously 
b(‘en reported only on exotic and hybrid po]>lai’s in Canada and Argentina. 

Infection takes |)lace through uninjured leaves and petioles, or tlirough 
twig woiinds. Cank»*rs ari* formed on twigs of the current seasoiUs growth 
and pycnidia and spores appeal* soon after infection. The growth of the 
fungus from the twigs into tlie main stem results in the formation of eaid\ers 
that, in highly susccjitible trees, eventually girdle the stems. On less sus- 
(‘Cptible trees, the cankers may become infected by se(*ondary fungi, such as 
Pyhfspora, whicli grow more rapiilly than tin* Srpioiia and tend to mask tlie 
pres('n(*e of the (*ausal organism. 
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Tlie relative susceptibility of 10 clones of hybrid })oi)lai*s that liave |)rove(l 
particularly adaptable for reforestation was tested by inoculations in the 
j;!:reenhouse and outdoors. Infection occurred in uninjured leaves and peti¬ 
oles, and in stein wounds. The residts indicated a hijih de^iree of suscejiti- 
bility in one clone with a pai*entaj»“e of Popidits nigra xP. JaurifoUa, two of 
P, maximowiczil x P. hrrolinensis, and one of P. iaariniawiczH x P. nigra \i\r. 
l^hinlicrensis. 

Division op Forest Pathology, Hukeatt of Plant Industry, 

Soils, and Agrk ultural Engineering, Agrkttltural Kkseaiuui 
Administration, V . S. Dei^artment of Agriculture, 

IN cooperation with 

Osborn Botanical Laboratory, Yale Tniversity, New Haven, Conn. 
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THE ANTIGENKMTY OF SOTITHERN BEAN MOSAIC VIRUS 

W . . I* i: I ( I-: A x 1 ) J, . M . l\ i. a (/ k 

for publicntion Soptonibor 20^ 1945) 

Thoro is now abimdant evidoni'e that ('crtaiii plant viruses are capable 
of acting' as aiitiji'ens and tliat their serolojiical reactions ai‘e useful not only 
in ascertaining' their relationshi])s but also in providiiiji’ a ra])id means for 
tiieir identifi(*ation and determination of their concentration (1). 

lie(M‘ntly, when southern bean mosaic virus {Marnwr laesiofaciens Zau- 
meyer and Harter (4)) was isolated in i)ure form (2), it seemed desirable 
to test its antii»enicity and to determine its serological relationsliip, if any, 
to certain oth(*r ])lant viruses. This |)aper presents the results of studies 
(‘arried out on the precipitiii r(*a(dion of the virus with tlu'se objectives in 
mind. 

Uidess otherwise sj)ecified the ])rocedure in the experiments was as fol- 
h)ws: Two-tenths c(*. of th(‘ ai)propriate dilution of antiserum was mixed 
with 0.2 of a (diosen dilution of antigen in a 50 > 6 mm. test tube. All the 
mixiui'es in an experinumt were examined immediately after all the tubes 
ha(l been set up. They were incubated at 37^' C. and wer(‘ reexamined after 
1 hour and ajiain after 5 hours at this temp(‘rature. Dilutions were made 
ill 0.85 ])er cimt NaCl solution. The concentrations for antigen and 

antiserum are those in the reacting mixture. 

In a preliminary exiau'iment mixtures were jirepared containing as one 
(‘omponent about 0.4 mg. cc. of purified southern bean mosaic virus and as 
the sei'ond (‘omponent antisi'rum at 1 : 15 for one or another of the following 
viruses: Potato rings])ot {Mftnnor (hibium H. var. anvidus H.), potato vein¬ 
banding {M. rucKUH i'is H. var. ujfsilon H.), tobaci'o mosaic (.1/. tahari H. 
var. ruhjan H. ), tobacco et('h ( J/. crodi ns H. var. rulf/nrc H.), tomato bushy 
stunt (.1/. flodccidu (lro}i H.), and tobac<H> necrosis { M, h iJudn IL). Tliese 
antist'ra were the only ones available at tlie time. Readings were made after 
keepijig the tulies at room temperature for 1 hour and 4 hours and then after 
keejiing them overniglit at T"’ C. The southern bean mosaic vij’us reacted 
Avith noM(‘ of the antisera although each antiserum reacted strongly in control 
mixtures iMuitaining its homologous virus in plant juii*e cleai'ed by low speed 
('entrifugation. Tlu‘ expm’inient indi(*ated that southern bean mosaic virus 
was not s(‘rol(»gically I'clated to any of these viruses. 

J>ecaus(‘ soutlKTii bean mosaic \ irus resembled busli>' stunt virus and 
toba(MM) neei’osis virus in some of its projierties a jiurified ]>re|)aratioii of 
southeivn biain mosaic* virus was then tested at con(*ent rat ions of 0.5, 0.25, 
0.125, ().0()3, 0.031, O.OK), 0.008, 0.004, 0.002, and 0.001 mg. ec. against 1 :18 
dilutions of tomato bushy stunt and tobacco necrosis antisera and a 1 : 18 
dilution of normal rabbit serum. There was no precipitin reaction at any 
dilution of the virus, again suggesting that southern bean mosaic virus was 
s(*rologi('ally distinct from tomato bushy stunt and tobacco necrosis viruses. 
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The next step was to prej)are an antiseruni to soutliern bean niosaie virus. 
Tlio virus ])rei)aratiou used as antij^en had been partially luirified and eon- 
eentrated by preeipitatin<;' it with (NIl4):.804, reniovinj*- the preeipitate with 
lovv-spe(‘d (*en1rii’u^‘ation, and redissolvin^* it in w’ater. It was tfieii further 
coneeutrated and purified by eentrifujiin^* it twice at 24,000 r.inn. foi* 2^ 
hours to sediiiieiit the virus, takinji' it up in watt‘r after each ('eulrifujiatioii 
and centrifuging at 3000 r.p.in. for a few minutes to remove aggregated ('ol- 
loidal material. It was finall\' dialyz(‘d agaijist distilled water. The concen- 
l]*ated material contained 84 mg. <*v. of virus and luid an amber (‘olor at this 
('oncentration. it was found to be essentially homogeneous when tested in 
an analyti(*al centrifuge, a IMselius electrophoresis apparatus, and a diffusion 
apparatus.^ Examination under an electron niici‘os(‘ope showed it to consist 
of spherical }>arTicles of uniform size and to be (‘ssentially free of extraneous 
particles of other shapes or sizes (3). 


TAP>LK 1.— Tifrafiott of antisera i(t soniiu rn hean momir virus 


iScrum 

Serum 

dilution 

Timt^ y 
( mi nut OH y 

Antigen conc('nt rid ion 
(mg./cc. of virus) 

O.l 0.01 

Antiserum from rul/hit Xo. 1 

1: 10 


1 



mf) 

± 



1440 



.1 : 100 

ir, 

i. 



IMT) 

, , 



1410 

1 i-1- 


Antiserum from rahtjit A'o. 2 1:10 ir> 



i:;.) 

1440 



1 : 100 

IT) 




135 

T-i- 

- 


1440 

i-1 



As a preliminary, o cc*. of blood were witlnb'awn fi-om tlie ear vein of cat'll 
of the two rabbits to be used later in prepaiing the antisera. Tliis blood 
furnished the normal s(*ra wliicli were to be used later in t‘om})arison with 
the immune sera, Aftei' waiting a week, each of the two rabbits was 
injected intraperitoneally witli 2 mg. of virus dissolvial in 4 t'c. of 0.85 NaCd 
solution. After a ten-dtiy interval eacli of the rabbits was bled, and th(‘ 
serum thus obtained was held at - 10'' (A until needed. 

A purified ])r(‘paration of southern bean mosaic ^’irus was tested against 
the normal seriun and the antiseruni from each of the two rabbits. The mix¬ 
tures were kept ah 37'’ (A for 5 hours, after w'hich they wevre kept at 7° (A 
foi* the next 10 hours. The reaedions with the antisera are shown in 
table 1. Since then' was no reaction of virus wdth either normal serum 
when tested at the same dilutions used for the antisera, nor any reaction 
when antisera were diluted 1:1000 or antigen diluted to 0.001 or 0.0001 
1 Data to b(* ]nil)ru’lic<l. 
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liiji'. of virus, t[i(‘se uejrcitive results are not iueluded in tlie table. The 
data sliovv tliat souUieru bean uiosale virus is anti^»'(*uie and sug‘j;*e,st that the 
serological rea(dion ran be useful in t(*sting for its relationships. 

Tile next step was to test the speeifieity of the southern bean mosaic virus 
antiserum. Tlit* two viruses tliat most (dosely resemble southern bean inosaie 
vii-us in properties, lobaeeo ueerosis and tomato bushy stunt viruses, were 
used in tlu' tests. PurilitMl jirejiarations of tlH*s(‘ virus(‘s were prejiared by 
differential centrifugation and the final products wt're analyzed for ])rotein 
(‘onlent A series of dilutions of each of tlnse purified prejiaratious and of 
a juiritied i)re])aration of southern Ix^an mosaii' virais were tesled against 
normal serum and against antiserum to each of the three. The dilution of 
antise!*um in each mixture was 1: 20. The data oblain(‘d are in table 2. 

After adding tlu' solutions of antigen and antiserum to all of the tubes 
and before mixing them, tliey were examined. Some tubes showed a definite 
cloudy dis(' wh(*rc antiserum and antigtm (oune in contact, Siudi a reaction 
is indicated in tlie table by a “ ; sign in the space allotted to the lo-minutc 
reading. The final data show that southern bean mosaic virus i*eacted witli 
homologous antis(‘rum, [irejiared by means of a singh‘ intraperitoneal injee- 
tion of 2 mg. of virus, at a cou<‘entration as low as 0.01 mg. cc. but failed to 
j’eact with the h(‘terologous antisera at any concentration tested. Tobacco 
lu'crosis virus i*(‘a('ted only with its homologous antiserum and at a (foncen- 
t rat ion as low as 0.05 mg. cc. Similarly, tomato bushy stunt virus reacted 
only with the homologous antiserum and at a concentration as low as 0.02 
mg., c('. A second test s(‘t uj) in essentially the same manner gave practically 
identical results. T1h‘s(* residts indicate that eacdi of the viruses is serologi¬ 
cally distiind. 

The data thus far presented show definitely that southern bean mosaic 
vii’us is antigenic and tind its pre<‘ipitin reaction is specific, so far as tested. 
Thes<‘ data were obtained entirely from tests made with purified prepara¬ 
tions of vii’iis. It seemed desirable to didermiue whether the juice rroin dis¬ 
eased b(‘an ])lants would giv(' a spt‘cifi(‘ serological reaction when mixed with 
antiserum to soutiicrn beau mosaic virus. Juices expressed from ground, 
unfroz(‘n, li(‘althy and diseased Bountiful bean (Phascolns vuJfjaris L.) 
plants were c(‘ntrifug(‘d for a few minutes at 3000 r.p.m. The juices were 
then t(*sted at a series of dilutions in mixtures containing normal serum or 
antiserum to southern bean mosaic virus at a dilution of 1; 20. After 1 hour 
at 37'' P. tluM-e were sjxHufic j)reci[)itiu reactions in tlie tubes containing 
homologmis antistuaim and diseased juice at dilutions 1:2, 1:4, 1:8, 1 : 16, 
and 1:32. Xo r(‘a(dion occurred in control tubes containing juice from 
healthy plants and the antiserum or in tliose containing diseased juice and 
normal serum. After 5 hours at 37‘" C. the diseased juice u\) to a dilution 
of 1: 128 exhibited a reaction Avith antiserum but by this time artifact reac¬ 
tions Avere developing in all tubes containing juice, Avhetlier diseased or 
liealthy, at dilutions up to 1:8. A second test gave essentially the same 
results. Tliese experiments show (*learly that the antiserum reacts speeifi- 
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TABLE 2 .—Spccificitif of antiserum Ut southern bean mosaic virus 


S(‘rnm« 

I'ime 

(minutes) 


A n t i gen con eentra tion 
(mg./cc. of virus) 


0.1 

0.05 0.025 

0.0125 

0.0063b 


AntifTim = 

" southern bean 

mosaic virus 



Normal 

15 



_ 



tiO 




- 


500 

- 

- 

- 

- 

Anti-southern 

15 

-f 

■1 1 

+ 

— 

bean mosaic 

00 

f-l- 

•i I 

4- 


virus 

300 


If! 1 i 

-1- 

;4; 

Anti-tobacco 

15 

_ 

_ 

_ 

— 

necrosis 

00 

- 

„ __ 

- 

- 

virus 

300 

- 

- 

- 

- 

Anti-tomato 

15 


_ „ 


_ 

bushy stunt 

00 

- 

_ _ 


- 

virus 

300 

- 

... 

- 

- 


Antige 

n ::: tobacco necrovsis virus 



Normal 

15 


— y — 

_ 

_ 


Oo 


_ 
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- 

- 

- 

- 

Anti-southern 
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virus 
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- 


u The serum in e;iel: inixture wus dilutexi .1 : 20. 

Negative rt»sults were* obtained with virus couexmtrations of O.OO.’M ajid 0.00 Ki 
ing./cc. and aeeordinglv inixtu!(‘s with these eoncmitratiojis were omitted from tlie table. 

ctilly with the juiee rroni (]i.s(*ase(l pJants but not witli tliat rrom lioalthy 
j)laiits. The expefiiiients also indicate that the original piirifital virus used 
in pre|)arinj»' the antiserum was essentially tree ot protein constitneiits ot the 
normal plants. 
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Tiie results liero reported are of iiitei’est not only because tliey show tluxt 
southern bean mosaic virus is antigenic and that the firecipitin reaction can 
be of use in testing for its virus relationships but also because they bring 
additional evidence for tJn‘ belief that southern bean mosaic virus is an inde¬ 
pendent and distinct virus species. Jt has been shown elsewhere (3) that 
this virus (‘an be distinguished from most other [ilant viruses by its high 
degrei^ of thei'inostability and that in plant protection tests it is immunologi¬ 
cal ly distiiK't from tobai'co mosaic and tobacco necrosis virusi^s, botli of which 
it r#*seml)les in thermostability. Hitherto, it was ditferentiated from tomato 
bushy stunt virus mainly on the striking difference's in host range but partly 
also because of dilferen(‘(‘s in pliysical and chemical jxroperties. Soutliern 
bean mosah' virus has now been demonstrated to be distinguishable serologi¬ 
cally from tomato bushy stunt virus. 

SUMMARY 

It is shown tliat southern bean mosaic virus is antigenic and that its 
precii>itin reaction is useful in distinguishing it from other viruses. South- 
(M*n b(‘an mosaic vit*u.s is serologically distinct from tobacco necrosis virus 
and tomato bushy stunt virus, which it n^sembles in some of its physical 
j)roperties. it is also s(‘i*ologically distinct from |)otato ringsi)ot, potato vein- 
banding, tnba(‘co mosaic, and tobac(‘o etch vii’uses. Its antiserum, prepared 
with jun'ified vii'us, rea(‘ts specifically with juice from Bountifid bean j;)lants 
infci'led with the virus. The data bring additional (‘vidtmee for the view 
that southern b(‘an mosaic viiais is an independent and distiiu't virus species. 

The Department of Animal and Plant Patuolooy, 

The Koukeeeller Institute for Medical Kesearcii, 

Prinu'eton, New dERSEY. 
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PIIYT()PATH()L0G1("AL NOTES 

Ammn for Control of Fungi i)i (Urniinaiinrf Corn IScrd .^—That Arasan 
iuhibits tlio (l(*veJ()piiioiit of Diplodia zrac (Seliw.) Lov. lias been shown by 
Ilopja**^ ill a study of iiifooted c-orii seeds piaeed on ajiar surfaces. He found 
tliat Arasan was eijual to Jiarbak ( ■ and Seniesan Jr. and sui)erior to Sper^oii 
in retardinjj»‘ ttie ^r-OAvth of D. zeae. There is also evidtvnee'* that in labora¬ 
tory termination tests 1). zrar is more effectively controlled with Arasan tliaii 
with dusts containint* ethyl mercury phosphate, (‘thyl m(‘rcury p-toliume 
sulfouanalide, or 2-3 dichloro, 1-4 naphtho(juinone. Arasan ajiplied to sam- 
])les of loW“j^*erminatint- corn at the rate of 0.15 -pin* ('cnt by weit'ht, however, 
did not control Rhizopus nigricans Ehr. as successfully as it did I), zcae. In 
('ontrast to these results, lieavier dosat-es of Acasan jirevented 7i. nigricans 
and otlier molds from t-ro^vint- on tenninatint- seeds of cucumber, musk- 
melon, and s(piash.‘^ 

Apparently a projier dosat-c of Arasan dioidd control both jialhoteiiic 
and saprophytic funti on tenninatint- corn ’s(‘ed. To obtain information on 
this subject six selected dealers’ lots of corn seed inIVsted with ])ipt(n1ia z(a(\ 
Fusaria, and Rhiiopus nigricans and four lots infest(‘d with R. nigricans 
were treated with certain mixtures of Arasan and flour. 

Tlie mixtures (Table 1) contained 100, 07, 50, and 33 pei* cent Arasan and 
0, 33, 50, and 07 iier (‘cnt, respectively, of wheat flour. A known weight of 
seeds was a<>*itated with one of the dusts for thi*(‘c niinutes. The material 
that did not adhere was removed by shakiiiLi the 1reat(‘d seeds in a si(*\’e. 
Arasan adhered at tin* rates of 2.3, 1,3, 0.!1, and ().(> ouiums jier bushel of seed 
for the 100, 07, 50, and 33 |)ei- cent Arasan mixtures, respectiv(‘ly. 

The treated seeds aiid the controls were counted into replicates of 100 
and were eitliei* ‘•(‘rminated at once or stored in a dry lal)oratory for one, 
two, or three months before being* germijiated. All seeds W(‘i*e gm‘minate(l 
on moistened papei’ towels at alternating temperatures of 2(T' and 30'' (\ 
Records were taken during the sixtii day of germination. 

Neither Arasan alone nor an\^ of tin* Arasandloui- mixturc^s retarded the 
geimiination of any seed lot. Approximately 90 j)er c<vnt of the live s(hh1s 
had formed noriiial seedlings after oidy three days on llie moistened towids 
regardless of the dosage of Arasan or tht‘ length of the storage jun-iod. In 
germination the control excelled any one treatment in only 29 of th(‘ 140 
separate tests. The average results from all of the tests showed that the 
per(‘entag(^ germination of untreated seed was not higher than that of seed 

1 .louriinl P.'UKT No. Olli of’ flic New York SUitc Agrieultmol Kx})(‘rim(Mil .StMtioii, 
(UvnevM, Now York. 

- iioppt', 0. tk ( ■oTopoi isou (»f cortniri HKM-cMiry Ilic (lusts for i-orii seed 

troctnicnt. Phytoputli. 33: (iOLMlOf). 

•M.;rosi(M‘, AViilurd. (■lieui'u'jil ('outnd of molds, bucto in Miid fungus pMtIiogcncs on 
('U(*url)it, ])(‘!i and swoc't ('oru seeds. Proe. Assii. Oil. >S(*(‘d Analysts 1943: 38-41. ]94r). 

'^(.-rosier, Willard, (^lieinical schmI prot(‘et;in1;s used as disinfestaiits during germina¬ 
tion of cucurbit seeds. News TAdltM* Assn. Off. lS(‘ed Aiialvsts 18(g) : o (1. :1944. 
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P)4()l 

trcnited witli any Arasan jiiixtnre oi* wit!) Arasan alone. This was true for 
all ten lots of eorn. 

Rhizopus ftujricans is readily eontrolled in viable, fairly clean seed 
(Table 1). In ht'avily inll.^tc'd seed (*ontainin^‘ 8 to 20 per cent dead ker¬ 
nels, however, R, nif/ricaris ai)|)ea]*ed to be beneath the jiericarp of some seed 
and hence not exjiosed to surface sterilization. The heavier concentrations 
of Arasan (100 and 67 per c(‘nt) excelled the lij^litei* concentrations (50 and 
33 ])er cent) in controlling' fun<^i in this type of corn seed. 

While neither Diplodia zcac noi* Fusaria were present in a hi^h per- 
('ejita!ii:e of seeds, it is apparent (Table 1) that Arasan retarded the develop- 

TAHT/P 1 JAihoraforii (jcvminaiitm, scrtllbuf irciplif, (nul funffus contarninants of 
corn seed in ated willi eertain vd.ritires of Ardson and u'h<u( flour 


S»M‘<ls or (‘(nil.niiiinatod with (Jroon weight 

A i JiHMii flour Xonnal - -- - - -- of seedlings 

inixtur(' st'edliiigs ]ihl:opiis Diplodia v>,onvin entire 

ittffriraus 2 ene test 


Pel. 

JPnih-i 

Pel. 

Pavk Pel. Hank Pel. 

Hank 

Grams 

Hank 

Avi'cngCH fur six s(‘( 

‘d lots infested w 

ith T>ij)Iodin, Pusnrin, and Rhizo])ii.si» 



100-0 00 

Of) 

4 

77) Tr. 81 1 

50 

78 

7)4 

00 

7)7 

f, 

76 Tr. 67 1 

61 

70 

61 

r>o--r)0 00 

f)l 

11 

f)2 'fr. 7)0 1 

67 

80 

66 


46 

27 

62 1 65 1 

7)6 

70 

7)6 

0.100 ,S() 

17 

48 

5 5 8 -J 

10 

72 

10 

Avernges for four s 

eed lots 

infested 

with Khizoy)US‘' 




100-0 07 

o- 

4’r. 

26 


78 

21 

(if—«).*» Of) 

If) 

0 

20 

. 

78 

26 

.“tO-oO 07 

1^4 

Tr. 

27 . 


78 

24 

:;:{-07 07 

oo 

1 

18 . 


70 

27 

0-100 06 

J12 

21 

0 


72 

5 


•' Rank is based niton lofal inimber of items in which an Arasan-nonr mixture (or eon- 
trol) iir()V(‘d sn}terior to anv other mixture (or control). .Normallv each mixture (and 
control ) would Ite ranked I’nun 0 to d iJi ascemling order of su|t(Mioritv. 

»'Twentv six replicated tests; lOO ytossilvilities for su])eriorit v. 

'‘twelve re])licate<l tests; HI po.ssibilities f(tr sniteriority. 

iiitMil of tlicso I'mifii. AYlieii these t'nn,!ii (liil (leveloj) on Arasaii-treated seed 
the colonies were markedly smaller tlian those developiiifr from untreated 
seed. 

(dn'mieal injury either Avas not ai)))arent or was very slifrht. In a bulk lot 
of surfaee-eraeked seeds treated with Arasan alone 2 per cent of seedlings 
were slightly injured. No injury Avas noticed in germinating st'eds of otlier 
corn lots. 

Th(‘ average green weights of seedlings in the lOO-seed tests prove that 
Arasan either did not cause any chemical injury or the inereases in weight 
attributable to control of fungi Avere greater than the decreases effected by 
chemical injui'y. The data in table 1 shoAV, furthermore, that the treatments 
jiot. only did not dein-ess. but aetnally resulted in increased green Aveights 
of the seedlings. The data do not indicate, however, Avhether the inereases 
in green weight are due to control of the fungi, the eft'eet of the toxicant 
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eontpiit of Arasan, or the eft*e(*t of the diJiient i)reseiit in Arasaii and the 
ArasaJi-flonr mixtures upon the seedlin<jrs. 

In two other hulk Jots of seeds carryin*** only traees of fun^i the average 
oreen weights of seedlings from ten replieated tests of each treatment were: 
100 x)er rent Arasan—76 jirams, 50 x)er cent Arasan—76 jirams, 33 per eent 
Arasan—77 grains, and no treatment—72 j»'rams. It does not api)ear proba¬ 
ble that the dilfereiu*es in weights between the treate<i and untreated seeds 
were eaused by (control of funf^i alone.— Willard Crosier, Assistant Pro¬ 
fessor, Division of Seed I lives tijiat ions, Cornell University, Geneva, New 
York, and Stewart Patrick, Research Associatt‘, Division of Seed Investi- 
^^ations, Cornell University, Geneva, New York. 


lyiienwl Brown Spot, a Boron Deficicncif Disease of Sweet Potato? —In 
explorin^^ certain iiossible causes of internal (*ork,‘ a newly described disease 
of sweet iiotato {Ipomea batatas (L.) Lam.), the likelihood that boron defi- 
(uency, or some other nutritional ajiency, inijiht be involved was investigated 
in 1944. In one field experiment of comjilex desij>n sweet potatoes of the 
Porto Rico variety were j»rown on rex)Ii/ated held plots, located on both 
limed and unJimed soils at three different levels of potassium fertilization 
and sujiplied with borax at rates of 0, 5, 10, 20 and 30 pounds per a(‘re. 
Although there was no (‘Orrelation between the incidence of internal i*ork 
and the response of the sweet-jiotato jilants to these nutritional treatments, 
this experiment, nevertludess, afforded an opportunity for studying* ('ertain 
]ihysioi[i‘enic abnormalities of plants grown on no-borax jilots. The induced 
disease is herein referred to as ‘internal brown spot” because it is (diaracter- 
ized primarily by the occurreiu'e of bi’own nei'rotic areas in tin* flesh of tlu' 
roots. Inasmueh as the trouble has not been obs(*rved on plants suiiplied 
with borax, it lias been attributed to boron deflciem^y. This rcfiort deals only 
with field symptoms of the disease and is offered ju'climinary to a more com¬ 
prehensive iiaiier to be imblished ui)on the com]) let ion of work now in prog¬ 
ress. A brief description of some of the sym])toms noted herewilh has 
already been published, ‘ 

The symptoms on the vines and leaves were not detected until the latter 
part of August, about two months after ])lanting, when some of the ])lants 
on no-borax jilots showed a restriction of terminal growtli and shortening of 
the internodes. As the season advanced these symxitoms develoiied in vary¬ 
ing degree on nearly all of the plants on all no-borax jilots. As the disease 
continued to deveio]), the petioles became curled and the terminals became 
stunted and distorted. In October many of the terminals died and vine 
growth ceased. The older leaves turned yellow and shed from the Amines, 
exposing the crowns of the plants. Partial collaxise of vines near the crown, 

1 Technical contribution number 1^8 of the Houth Carolina Agricultural Experiment 
Station. 

2 Nusbaum, C. J. Internal cork, a ii«*w disease of sweet })otato of unidentified cause. 

Pliyto])ath. 36: 18~2;i. ]94t>. 

^ Nusbaum, (\ .1. Studies of tin; use of boron with sw(‘(?tpotatoes. S. C. o7th Ann. 
Rept., 144-149. 1945. 



i nYTOPATHOLOGICAL NoTES 165 

piobdblv (hie to suiibuni, was not uiieorninon. A comparison of* vines on 
)oion ( ( i( lent aini healthy jilants is shown in figure 1. These photographs 
ta vcn in inid-0(*tober just before harvest. Both plants represented 





IVk-!. 1 . (/oiiiparisoii of vine growth on boron-deficient and healtliy plants both of 
wliich were grown in a high-calcium, high-potassiiim block. A. Plant grown upoiMio-borax 
plot. A’ote tin* gnarled growtii <'haracteri/.ed by short(‘n(‘d internodes, (*urled petioles 
defoliation of basal portion of tin* vine, and distorted terminal. B. Plant grown upon a 
plot supplied with borax at- the late of 10 pounds p(*r acre. Note the long unrestricted 
viiK* growth, tin* more or less regularly spaced nodes, and tin* straight petioles. 


were in the Jiigh-liiiK', higJi-potassiuin block. The deficient plant (A) shows 
the ty])i(‘iil giiarJed groAvth (^liaraifterized by sliort, irrt'gnlar interiiodes 
enried ]>etioles, dead terniiiial and absc'issed lower leavers. TJie healthy plant 
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(B), Avhieli received borax at the rate of B) poimds })er acre, sliows long’, 
unrestricted vine growtli witli more or less regidarly spaced nodes and 
straight petioles. At liarv(\st the terminals of such viii(‘s were stilJ elon¬ 
gating. 



Fia. 2. S\V(!(‘t-potato m)ts productMi in a Jow-caleium, lilgh-potassiiiin hlock. Thn 
healthy root (A) was produce(J on a |>l()t whicli leccived Ijorax at the rate of 5 pounds per 
acre. Note the .syiimietrical shape and smooth appearaiice. Tlie external npf)earance of 
typical diseased roots is sliown in a diimhell^shaped root (It) with an arrow inrinting to 
an exudate-covered cankcn-, a lop-sided root ((!;, and a spindlin^^ root (D) with a loiiK 
surface canker, witlioiit exudat(‘, indicated hy an arrow. K. (h-oss soction of a discsascd 
root from a no borax plot. N.de the uneven outline of the root and the app(‘arauce of the 
indistinct spotting, especially in the cainbial zom? ineir tlie ]>eripherv. 

At digging lime tlic roots from no-borux |)lots sliowt‘d vtiryiiig degrees of 
botli ixternal and internal degeneration. In outward appearauce tbey were 
misislia,[)en and the skin was ronglt and leathery in texture somewdiat resein- 
l)]ing buckskin. Many of the roots appeaiM'd not to liave filled out at eertaiii 
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points, resultinjj’ in dMinbell-sbai^e, lopsided or spiiidlf>sliape inalfonnations, 
such as those shown in fi<Ji'iire 2, B, C and D. A smootli, well-formed root 
taken from a i)lot wliicdi r(*eei\^ed 5 pounds of borax per acre is shown in 
figure 2, A, for coniparison. Severely affectcnl roots iisnaJly showed surface 
cankers which were sometimes covered with a liardened and blackened exu> 
date (Fi^‘. 2, B), the ori^^in or nature of wliich has not been ascertain(*d. 
The fleshy root shown in figure 2, I), however, shows an eloiifiated canker, 
indicated by an arrow, without this exudate. Boots with th(‘ external syiu])- 
tojiis described usually, but not always, had a characteristici internal break¬ 
down, as shown in figure 2, E. Tt always was found, however, in severely 
misshapen loots or in those with surface cankers. 

The internal necrotic areas were variable in size and brown with indis- 
tinct maroins. They oc(‘iirred indiscriminately throujihout the flesh but 
seemed to be most prevalent in the cambial zone* near the jieriphery of the 
root. The orij.,dn oi‘ tiie spots or the tissues involved has not been deter¬ 
mined. The flesh oi‘ roots with internal brown spot was generally of poorer 
color and of softer lexturc than that of healthy roots. 

The possible nutritional role of boron in the sweet jiotato was first re¬ 
ported by AVillis,'* who pointed out that small ap])li(*ations of borax often 
prevented crac^kin^' of tht‘ fleshy roots and improved the flavor and texture 
(►f the flesh. He also su^<icsted that darkeninji* of the sweet potatoes, hitherto 
attrilmted to damage from eliilling’ at temperatur(*s above freezinp:, could be 
eliminated or reduced by the use of borax in the fertilizer. In the studies 
h(‘r(» report(Ml crai'ked I'oots oc(Mirred in small amounts in nearly all plots 
reoai'dh^ss of rate of boi’ax a])plied. Furthermore, the internal brown s])ot 
symptom here described developed iu sw(H‘t potatoes Mhich had. not been 
exposed to temperatures below 50'" F., either in the field or in storaf»e, and 
was distimdly diff('reut from the disc'oloration and snbsecpient breakdown 
of the flesli eomuionly attributed to ehilliujj: injury. Reave et al/' state 
briefly that sweet-potato ])laurs ^rown in the jrreeuliouse without boron pro- 
dn(*t*d roots liaviuji “dark streaked centers'' but elear-cut boron defleieney 
symptoms w(n»e not observed in tlic field.^—^C. J. Nusbaum, Edisto Experi¬ 
ment Station, Branch of Clcmsou College, Blackvillc, S. C. 

A Rapid Method for IsoJadrig Siiu/le Ascospores from Apofhecia. —This 
note deals witli a suhjtnd with Avhich the Avriter has not been in contact for 
many years hut it is inpiellcd by tlic recent death of Professor II. H. Whetzel. 
AVhile serviuo- as his assistant in 1917 tlie Avriter diseovered a rapid method 
foi* isolating* siutile spoi-(‘s from the apotheeia of various species of Sch^otinia 
and related genera. Tlie procedure for <»ettin«* sinj^le-spore cultures as 
tau^lit tlie Avritcr by Professor Whetzel consisted in suspendin^^ an apo- 
thecinm Avithin and from the top of a larji’e hell-jar so tlud the liyinenial disc 
Willis, Tj. G. Appiv bornx to jiTii»rov(‘ qunlity of swot*! potato(‘s. X. C. Agr. Exp. 

Sta. SptM'ial’circ. 1. IMI\. ^ ^ 

•• Hoavo, Eidrow, A. L. I’riiUM*, and F. E. Hoar, ^'llo boron iioeds of Now Jorsoy soils. 
N. J. A^r. Exp. Sta.’unl. 700. 1044. 
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faced downward. An open Petri dish containin<»- nutrient agar Avas then 
placed within and at the base of tlie l)e]J-jar to ('atch the spores that floated 
down. The apparatus was left thus overnight. Ijater, the Petri dish Avas 
examined microsco[)ically and young cultures from individual sjAores Avt*re 
transferred to tul)e.s. Tliis method got results but i1 Avas laborious and 
favorable to contaiiiinations. Not infreciuenlly only very few ascospores 
were shed. In an elfort to imj)rove the method, the Avriter tried immersing 
tlie loAver tAAO-tliirds of an apotheeium in 1)5 per cent ah'ohol. Inimediately 
a cloud of ascosx)oi‘es was ejected. Taking advantage of this action, single 
ascospores Avere isolated simx)ly by x)laci)ig tliree Petri dishes containing 
nutrient agar near a vial Avith enough 95 ])er cent alcohol to cover the lower 
tAvo-thirds of the apotheeium Avhen this AA^as droi>x)ed^ into the vial. In order 
not to interfere Avith s])oi*e dispersal, vials Avere seUarted tliat Avere not much 
taller than the fruiting bodies and in order to kee]) the* apotliecia in an up¬ 
right position to avoid getting alcohol on the hymen in m, vials Avm'c selected 
that Avere only slightly larger in diameter than the apotheeia. Immediatidy 
following immei’sion and the ejeedion of a cloud of as('os|)ores, a Pet id dish 
Avas momentarily opened in the cloud. Tliis '-^as quickly rejieated Avith tlie 
second and third Petri dislies. Usually the last caught onl\' a fcAv scattered 
spores in pcrfeid placement for isolation. Due to their short exjiosures, the 
plates usually Avere wholly free from contaminations. 

Among the many apotliecia collected by Prof(‘ssor Whetzel Avere small 
ones, only a fcAV millimeters in diameter, from Avhich it Avas very diflicult to 
obtain spores by the bell-jar method. In applying tlie pidnciples of the ju'av 
technique, foreejis witc used to hold these ajiothecia face dowinvard ovm* 
nutrient agar in an open Petri dish. A needle that had b(‘en dipped in alco¬ 
hol then Avas lightly rubbed against the outer laym- of the fruiting body. 
This brought about an immediate ejection ol' ascos])ores. 

The adAunitages of tin* new metJiod are rapidity, exeollent siiore disfiersal, 
freedom from contamiiiatiom and applicability to the smallest apotliecia. 
Possibly the method may be apxdicable to some oilier fungus fruiting 
bodies.—V. F. Tapke, Plant Industiy Station, I5(‘lts\ ille, Maryland. 

Induced BaUlhead in Soijhcan.'- -For five years tin* Iowa State College 
Seed Ijaboratory lias b(‘en investigating the i>ossibility of indexing com¬ 
mercial lots of seed for tlieir reaction to low tcmjieraturc in Pytliium-iuf(‘stcd 
soil at dilfcreiit moisture levels hi terms of tlicir resfiousi* avIicu jilaiited in 
the fleld under conditions unfavorable to germination. In addition, a study 
has been made of tlie relative ability of seed protectants to jirevent seed 
decay and seedling bliglit when seeds are gerininat(*d in Pytliinm-infested 
soil. In April, 1944, treated and nontreated si'eds of Bansei soybean Avere 
planted in a mixture of Pylliium-infested soil and sand with moisture con¬ 
tent of about lo per ('(*nt, according to the ])rocc(lure (h‘seribed by Kice^ and 

' .louTiial PaptM' No. ,J-i:;i.S of tho Iowa AgricuUural K\))criin(*iit Station, Anu>s, 
Iowa. I^rojcct No. 4117. 

jNT. W. Ttio (IcvcIopiiKoit and (‘valuation of s(H‘d lahoratorv nictliods for dotcr- 
jniiiiiig tile x)r(*H(‘iK'i' and signi/ii'anco of (•(.•rtain soil-honu' and seod-boriu^ organisms. 
Tqjpublish(‘d doctor 's thesis, Iowa State ("olleg(^ J..ibrarv. 194-t. 
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Pcyc("7ilafje.s of noi'tnal and * * baldlioad * ^ sredlint/s from treated and 
nonlrcalcd> soybean seed planted in PythiiimAnfcsied soil, Iowa, lihii) 


7 djiys cold soil 10 days cold soil 


licatiiicnt Tvanro Liiiicoln Kaiivo Jjiiicolii 


N« lU X li N n N B 

Xoiiircatod 49 H,2 43.8 39.2 52.8 21.8 39.5 37.2 

8 cin. Jr. . . 70 7.2 72.8 19.5 

8 |)or^oii 83 1.2 95.0 2.2 

Arnsaii 85 0.2 98.2 0.5 89.8 0.5 Oo's 0.75 


“ N r-; Normal soodliiifys, B- Baldheads. 

Portor. ’ The soil used was naturally in l ostod witli Piftli inin (jraniinicola 
Sid)r. and P. dv Bnryanuw Ilesso. The flats eontainino- the seeds were placed 
in a room with a ('onstant temperature of 30*^ C. for 7 days, tlien transferred 
to an adjoininji' room at 26^ to 28^^ C. At the end of 5 days in the latter 
room the seedlinjis were examined and classified as emer;j'ed, nojvmal, and 
alinoi'inal. Fuimicides us(‘d were Arasan, Sperj^on, and Ferinate. 

Amon<>' the seedlin<*s (dassed as abnormal w<‘re a numbei’, jiroduced by 
nontreated se(*d, that resemliled “baldlieads.”'*- ' Close examination revealed 



Fki. 1 . 8(‘odliJi;rs of TJncoln soybean j^roivn in Fytliinm-infested soil at 10^ C. for 
S('veM (lays follo\v(‘<l l>y exposuiv at 2(i~28'" (\ for five days. L(‘ft, treat('d with Arasan. 
Ki^>ht, not treat(Ml. 

Porter, R. 11. Testing the quality of seeds for farm aiid gjoden. Town A^rr. Exp. 
8 ta. J?es. Bill. 334. 1944. 

4 Borthwi('h, II. A. Thresher injury in baby Lima beans. Jour. Agr. Res. |U.S.] 
44: 503-510. 1932. 

•^Hart(‘r, L. L. Threshm* injury a cause of baldhead in beans. Jour. Agr. Res. 
[U.8.] 40; 371-384. 1930. 
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that the pliiiiuile had tailed to develop because necrosis of the primary leaves 
had occurred early iu the j»ro\vth of the plumule. In many cases axillary 
buds had developed at the base of the decayed plumule in seedlings that were 
three or four inclies hi^h. Of 400 iiontreated seeds ])lanted, 18.2 per cent 
prodiK'ed “baldheads.’’ The perceiitajie of baldlieads from treated seed was 
1.4 for Arasan, 0.65 for S])ergon, and 4.4 for Fermat(‘. This particular lot 
of seed ’when tested in sand at 26*'’ to 28'' C. ^ave 1)0 per cent normal seedling:s 
Avith IK) baldlieads. 

In April, May, and June, 1945, seeds of Kaiiro and Lincoln soybeans 
from the 1944 croi) Avere selected for test. Tests in sand at 26'^-28° C. j^ave 
95.5 per cent normal seedlings for Kanro and 98.0 per cent normal for Lin¬ 
coln. No ''baldlieads” Avere produced. Treated and nontreated seed of 
these two lots Avas then planted in Pythinm-iutested soil and held for 7 or 10 
days at 10" P., then ti*ansf(Tred to a room at 20''-28'' C. The counts of 
emer‘>'ed seedlings gave results as shown in table 1. 

In figure 1 are shown a feAV normal and "baldhead” seedlings of the 
variety Lincoln. 

To determine the effect of Ioav temperature alone st'Crl of both vai-iidies 
Avas jilanted in sterilized sand and tlie flats Avere held 10 days at lO"^ C. before 
transfer to tlu^ warm room. The results showed one jan* cent '‘baldlu*ad” 
see<llings each from nontr(^ated seed and Arasau-treated scial, respectively. 
The percentages of normal seedlings were 93 and 94 for ti*eat(‘d and non¬ 
treated, respeidively. 

The data herein summarized indicate that soybean seed of high germina- 
bility Avhen jilanted iu Pythium-infestiMl soil AAuth a moisture content of 15 
per cent and i*etained at 10" C. for 7 or 10 days may l)e expect('d to produce 
a high percentage of “baldhead’' seedlings in Avhieh the plumule is fUther 
killed or partirdly deca}'ed.—K. II. Poktkk, loAva State Col[(*g(‘, Ames, loAva. 

Uehitivc Resistance and Snsccptihilitjj of II.S. y/.:> and U.S. dll) l/nna 
Beans to Linia-llean Afo.saic. —During the summer of 1945 two promising 
strains of lama beans Avere being increas(‘d for distribution iiuder the desig¬ 
nations U.S. 243 and U.S. 343. Trial plantings avcu-c also made at numerous 
experiment stations^ and in a few home gardens. In June a diseased sp(Hvi- 
men of U.S. 343 apparently affected Avith mosaii* Avas brought to the atten¬ 
tion of the writers. An examination of the garden from Avhich this ])laut 
eaine showed that two 20-foot roAA^s, one of U.S. 243 and one of U.S. 343, had 
been ]Vlanted end to eml. Of the 49 j)lants in the roAV of U.S. 343, 33 liad 
.mosaic; while all of the 33 plants in the roAV of U.S. 243 app(‘ai‘ed to b(* free 
i)f the disease. Imxuilations to appropriate hosts indi(*ated tliat the mosaii* 
was caused by a virus similar to the one described by Harter.- Oreenhouse 
inoculations (Taole 1) substantiated the field observations. Inocidations 

1 MMgru(l(*r, Ko.y, uthI K. E. Wester. A preview of two iicav bush lima Market 

Orowers Jour. 74: 1945. 

Harter, L. 1. Mosaic of lima beans {Pfiascohis lunatKM maerocarpas). Jour. Agr. 
lies. rH.S. j 56: 895- 900. 1958. 
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The resistance of IJ.S. 243 and susce})tibi]ity of U.S. 343 (Fig. 1) is an 
interesting ease since both these lines are selections from the same Ford- 
hook xSieva cross. Harter demonstrated that Fordhook is resistant to the 
virus; while Sieva is susceptible. Apparently in developing the two Lima 
strains, a resistant and a susceptible line were isolated by chance. This 
situation is another example-*of how, in selecding for desirable horticultural 
characters, genes for resistance may be lost unless particular attention is 
given to the ])atho]ogical phases of the breeding program. 

Mosaic in Lima beans has never been serious in the past, even in the case 
of susceptible varieties, and is therefore likely to be of only te(*hiiical interest 
for some time. —Dean ¥j. Pryor and Robert E. Wester, Plant Industry 
Station, Beltsville, Md. 

Pryor, Donii E. A imkjiie easo of powdery iiiiltk’w on lettiici* in the field. U. S. 
Dept. Agr., Plant Disease Keporter 25: 74. 1941. 

4 Wiiitaker, Tliomas W., and Dean E. Pryor. Genes foi- resistanei* to po^vdery mildew 
ill Cucumi.s melo, Proc. Ainer. Hoc. Hort. Hci. 41: 270-“C71!. 1942. 



ANNOUNCEMENT 


Tlie StatleM* Hotel will be lieadquarlers lor the meetiiijis of the Ainerieaii 
l?liytopat}iolo<>;‘i('ai Soeiety at St. Louis, Missouri, Mareli 27“30, 1946. 

Make r(‘servations before Mareh 17 by writin<>* to the Housing Biireau of 
the AinerieH]! Association for the Advancement of Science, 900 Syndicate 
Trust Building, St. Louis 1, Missouri. All requests for reservations must 
spec'ity: (1) first, se(*ond, and third clioice of hotel. (2) approximate price 


of room desired, (3) date and hour of arrival and departure, (4) society 


affiliations, (5) 
r(*s(*rvations. 

names and 

addresses of 

persons who 

will occupy the 

Ilolrl 

()m J^rr.snii 

Two JA rsons 

Double Bed Twin Beds 

i2‘lioom Suites 
Parlor and Bedroom 

Stiitlcr . 

Ml 

$5.00-7.00 

$6.50-0.00 




$3.50-4.00 

$5.00 


(’1m ridge 

$3.()()-4.()() 

$4.00-(;.5O 

$5.00-().50 

$10.00 & up 

I’oroiijulo 

.t.'t.OO & up 

$5.00 k up 

$6.00 ik u]) 

$ 8.00-13.00 

Dt'Soto 


.$4.00-7.00 

$5.30-10.00 

$10.00 

(Inlesworlli 


$5.50 

$(>.00 


.n‘(Tersein . 

.$3.r)0-r5.on 

$4.50-6.00 

$().0l.)-8.00 

$12.00-20.00 

tiClUlOX . 


$5.50-6.00 

$5.50-6.50 

$10.00-11-50 

MM.je.sti(* 

. .t 2 . 00 - 2 . 2 r, 

$2.75-3.25 

.$4.00 


Mark Twjiin 

t2.75-3.50 

$4.00-5.00 

$4.50-5.50 


MMvfMir . 

$3.on-(.;.5o 

$4.00-8.00 

$5.50-8.00 

$10.50 & up 

MellKiurne 

$3.20-4.20 

$5.30-6.80 

$5.30-7.30 


tfdosevelt . 

$3.(m;) 

$3.50 

$1.50 



All res(‘rvations must lx* mad(* through the Housing Bureau. A limited 
nunil)er (fi' ac't'onimodations are available and it is suggested that rooms to 
})(* o{*cU])ie«l by two oi moi*e perstms be requested in your res(*rvations. 






MERTON BENWAY WAITE 
T8«)5-l!»45 

.Ion X W . R O « E R T s 


Tlic (lentil of Merton Heiiway Waite on Jniu^ 5, lJ)4r), iiinrked the passiii}^- 
ot aiiotlier oi th()S(^ (Virly workers who, by the brillinin'e of tlieir disc'overies, 
li(‘]))(*(l to (‘rente the Hnr(*nu of Plmit Industry mid to ('stnblish publie (‘onti- 
(h'liee in the nsefnlness of jdnnt patliolojiy. 

Horn dnminry 2.‘], THho, on a farm near Oregon, Illinois, in the botaiiienlly 
in1(‘r(‘sting Jioek lliver (‘ountry, lie developcnl an intei*('st in plants while still 
in high sehool, an inte]‘(‘st that was paramount tlironghont the rest of his life. 

Wlien he (nilm-ed the University of Illinois, fj*oin AvJii(*h lie was gradiinti’d 
in 1887, iiis parents hoped lie would take a (‘ivil engineering eonrse, bnt ids 
love for jiinnts and the intliKMK'e of Dr. T. J. Dnrrill, Professor of Botany, 
soon i)r(waih*d. After graduation lie be(*ani(‘ an assistant to Biirrill, bnt 
(Jalloway, in Ids hunt foi* jirondsing young men for his Si'etion of Vegetable 
Pathology, soon elioseidm and from tlum. November 1888, until his r(dire> 
immt in 1113.’). \Vait(‘ was a memb(*r of that organization and its siieeessor, th(>! 
Buirau of I’lant Industry. Prom 11)01, he was in (‘liarge of the Offi(*e, iatei* 
Division, of Fruit Disease luv(*stigations. lie brought, to the pathologists of 
tin* I)(‘pa]*tment the tiM'lmie of isolating and growing baeteria and fungi in 
pure (*ultur(‘ on artifiidal media, whi(‘h he had k'ariHHl under Burrill, and 
laugiii it witli charaeteristie (mthusiasm not only to his (*oll(.'agnes in tin' 
I)e|)artnient hut to many visiting invistigators from eollegvs and nniversi- 
li('s as well. One of Ids givjitest ph^asuivs was in ttmeldng others these 
methods and his own improvements. 

Waite will always lie known for Ids work on blight of poiiuieeous fruits. 
11(‘ first demonstrated the dissemination of the pathogiui by insecds, an (*|)()eh- 
making diseovery in the field of dis(*ase eontrol. As an outgrowth of this 
work with ju^ar blight and iirimarily IxM-ause of his kemi powers of obsm*- 
vation. In* also disiovered tliat most varieties of pear rerpiinnl eross-pollina- 
tion with otIuM* varieti(*s to s(d an ade(piate (U-op of fruit. His proof of this 
faet is a mod(d of (‘xa(‘t e\]ierim(Mital work that soon eonvineed the skejities. 
This diseovery, soon extiMided to otluT fruits, has profoundly aftVided 
on'hard iilanting thi’oughout tlie world. Fifty years ago at the frantie 
reipiest of grower organ i/at ions AVaite orgaid/a^l and led a campaign of 
])(*ar-l)light (M-adi(*ati()U, using nudhods largely originated by himself, that 
saved the p('ar industry of tin* Paeifii* Coast States from probable destruc¬ 
tion. The methods ns(Hl and tangid by him are us(mI today with only minor 
(‘hanges. A few y(‘ars latei- ami with the (‘xeivise of great patieiiee lie eon- 
vimuMl the har(lh(‘ade(l apide growers of the SJummidoali Valley that the 
(lestnndion of eedar travs would prevent (hdbliatiou by etHiar rust, thus lay- 
i.ifr tlu‘ foviudatiou lor the present enlar-rust law. His kiiowledfje of fruit 

17 ‘> 

I Vou'MK ;{(>, Ni'mhek :1, March, 
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diseases was probably bcwond that of any investigator of his day, but in his 
Jater years he published little. To his visitors and colleagues, however, he 
always gave bountifvdly of }>»« knowledge. 

AVaite helpei^l organize and Avas a nieniber of the Federal Insecticide and 
Fungicide Board, which adininistered the Insecticide law of 1910, until 1924, 
Avlien he relinfjuislied niernbership in this Board to becoine a nieinber of tlie 
Federal Horticultural Board, which establislied and enforced the Federal 
({uarantine regulations until its functions were taken over by another 
agciicy. On botli tliese boards his services were distinguished, not only by 
his knowledge of plants, plant diseases, and hortic'ultural practices, but by 
his scientiti(t attitude and fairness. 

In 1919 he was given the honorary degree of Doctor of Agriculture by the 
ITniversity of Mary land. He was a charter ineinber of The American Phyto- 
])ath()logical Society, Fellow of the American Association for the Advance- 
numt oj* Science, and a member of the AVasliington Academy of Science and 
other s(‘ienlitic societies. He lielped to found and was twice president of the 
Botani(‘al Society of AVashington, in which he took a great interest up to the 
V(‘r\' day he was stricken. He s(*ldom missed a meeting and usually fur¬ 
nished the flowers for tiie annual dinner. 

Poss(‘ssed of a pleasant disposition and always smiling, AVaite was popu¬ 
lar with his associates and always willing to be helj>fvd to them. His zest for 
living, Av)ii(*h contimied to tin* day of his final sickness, makes it hard for us 
to realize that he is gone. His !*estless energy gav(‘ an im[)ression of inde- 
structil)ility tliat made death seem impossible. 

In P>44, at the ag(* of 79, In* revisited his foinner collecting grounds in 
Illinois with the enthusiasm of youth and returned to Washington with an 
interesting account of the botanical changes and the linding of (*ertain rare 
j)lants just Avhere lie exjiec^ted them to be. 

''Fhose of us who were his associates for many years will miss him, not 
only l)ecause of his scitmtific attainments but bi‘cause of his enthusiasm, liis 
kindliui'ss, and an o|)timistic view' of life that lasted to the very end. 

He is sui’vived by *iis w ife, Elizabeth Hurdle AVaite, and tw'^o sons, Merton 
and Malden, both of whom are captains in the armed forces. 


JU)TAi\l(’Al. AVKlTIXG.s OF W. B. WAITE 


(Coin|)ilc<l In J. A. Stcvejisoji :nnl EUitli K. Cash) 


llcsults f rom n^rent iiivostigatioiis in ]H*av blight. Pot. Gaz. 16: 259. 1891. 

Kcsiilts from n'eeiit investigations in pear blight. Ainer. Assoe. Adv. Sei. Proc. 40(1891: 
515. 1892. 

5Mie pear blight inierobe. Peninsula Hurt. Soe. Trams. 5lh Annual Session, pp. 52-54. 
1892. 

Deserijitions of two new species of Fcronosptnui. Jour. Mveol. 7: l(h)-108. 1892. 

ICnuses afiVeting] tin' fruiting of pears and applies. Cult. & Count. Gentlemen 68: lOS - 
I()9 1895 I Abstract in Western N. V. Hort. Soc. Iboc. 38: ()l-(>5. 1895.] 

Experiments with fungicides in the removal of liehens from pear tret‘s. Jour. Mycol. 7: 


1895. 

Fuiikous diseases of the l>eai-. Peniiisnla tloi t. So,. Tiaas 6: ‘JO-Utt. ISiCJ. 

FuiiKons diseases of fruits and tiu-ir treatmeaf. W estern >. > . Hort. Soc. Proc. 39: IM- 


158. 1894. 
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iiient of pour leuf blijjflit in tin* oiTliard. dour. MycoI. 7: dd.'l—3d8. 1894. 

Tin* ]>ollmation of pour Howors. U. B. Dej)!. Agr., l>iv. Vc*g. Puth. P>ul. 5. 1894. (Bccond 
})rinting, 1895.) 

Pour blight. Wcstorii N. V. Hort. Boc. Proe. 40: 90-99. 1895. 

4'lio ('uiiHO and provontion of ]n*ur blight. IT. B. Dept. Agr. Yearbook 1895: 295-390. 
1890. 

Pear blight and its tr(*utiin*nl. Kustt*rn X. Y. Hurt. Soc. Proc., 2nd Ann. Meeting, in 
X. Y. State Agr. Boe. Ann. Kept. 57: 779-790. 1898. 

TJfe history and eharaeteristies of the |>ear blight geian. Ann'r. Assoe. Adv. Bei. Ib’oe. 
47: 427-428. 1898. 

Fungous diseases of tin* aj>ple and pear. Mieli. State Hort. Boe. 27th Anri. Ifept. (18J>7 ) : 
184-191. 1898. 

Pollination of poniaeeous fruits. V. B. Dept. Agr. Y'earbook 1898: 107-180. 1899. 

Pollination of the Kieffer pear, Md. State Hort. Soc. Rejrt. (1900) 3: 4U-44. [1901. j 

(knnmercial pear culture. U. S. Dept. Agr. Yearbook 1900: .‘i09-.390. HUH. 

Some diseast's of orchard fruits. Conn. Poinol. Soc. K(‘pt. 1900-1901: 131-137. 1901. 

(h'lU'ial discussion of the cow ]»(*a as an orchard ft‘!‘tiliy.er. Md. Stab* Hort. Soc. Ifept. 
(1900 ) 3: 23-20. ] 1901. | 

Fungous diseases of fruits. .Mass. Hort. Soc. Trans. 1902: 04-73. 1902. | lieprinf, 12 

pp., 1902.J 

.Relation of bees to the oi’chard. Amer. l\)m(»l. Soc. Proc. 27: (iO-Hh 1902. (.Also in 
Calif. Cult. 8: 390 391. 1902.) 

Cultivation and feitilizatioii of j»e:ich orchards. V. S. l>(‘pt. Agr. earhook 1902: 0o7- 
02(i. 1903. 

F.\p(‘riin(*'uts ill spraying for bitter r<d in :i]»pl(‘s ;it Cove ville, \'a. Ya. Stati* Hort. Soc. 

Kept. 7tli Ana. S(‘Ssion (1902), pj*. 14.">-i49. 1903. ‘ 

Sweetjiotato culture. Md. State Hort. Soc. lb*pt. (P.K> 2 ) 5: 54-0»0, [lOOM.J 
Fruit trees frozen in 1904, U. S. Dept. Agr.. liur. Plant Indus. Hul. .11: 15-19. 1903. 

(Kepriiit 5 pp. ) 

Ojiportuiiities in agriculture. II. Fruit growing. C. S. Dept. Agr. Yearbook 1904: 
109-181. 1905. 

J’ear blight and its treatment—Life historv of the disease. Colo. St.ate Hd. Hort. Ann. 
Kept. (1904) 16: 38-45. 1905. 

(\)urtlaiid orchardists learn from Professor W.aite h(»w to eradieate lOight. S.ncr,' 11111*1110 
Hee. [1904.’] 

The cause and ]>rev(*iition of pear blight, (la. State l»d. Fut(*m. Hul. 18: 1 1.3-124. 1905. 

Nurse and cover crops for tlu' orchard. Va. State Hort. Soc. Kept. 1904. 107-130. H*05. 

Treatment of apple bitter rot. A’a. State Hort. Boe. Ih jit. 1905: 50-00. 1900. 

Fungous diseases of orcli:ird tret's and fruits. State Hort. Assoc. Pa. Itept. 1906: .5J> (M. 

1900. (Also in I’a. Dept. Agr. Ann. Kept. 11(1!»05) : 5S9-594. 1900.) 

Fnngicideis and their use in ]>rt*veiiting <lise:ises of fruits. F. B. De|>t. Agr., Fa'iner’s 
Hul. 243. 1900. 

Pear blight work a^nd its control in C.-ilifoniia. hi Ollicial Kept. Fruit (irowt'is Conv. 
State Calif. 31(1905): 137-155. 1900. (Jb'priut 20 ]>p., 19()(;.) (Also in Kur:il 

(Ta lif om i an. 1900. j 

A new native host for i>ear blight. Bcit'iice 25: 280-287. Hm»7. 

A new peach blight from Califorjiia. Science 25: 304 -30.3. 1907. (K(‘pi int 3. ]>p.) 

•Some new points on peach dis(*ast*H. CoJin. PomoJ. Boc. Kejd. 1907: 59—7t). 1908. 

Dist'uses of orchard trees and fruits. Fruit Crowers .Assoe. Adams Co., Pennsylvania, 
Proc. 3: 37-45. 1908. (Also in lAa. Dept. Agr. Ann. Kt'pt. 13(1907): 440-454. 

1908.) 

Tattle peach. Amer. Pomol. Soc. Proc. 31; 0»> 71. 1909. 

Kusseting of ap|des by soraving. A"a. Bt;ite Hort. Boc. Kept. H»tb Ann. Si‘ssion (HMlS i, 
pp. 142-152. 19()9/ 

Fertilizing the orchard. V:;. State* Hort. •*^oc. Kept. I3tli Ann. Session (HMI 8 ), pp. 1S2- 
202. 1909. 

K.xperimeiits on the* afijde with sonu* m'w ;ind little-known fnngieide's. V, S. De'jd. -\gr., 
Pnr. Plant Indus. Circ. 58. 1910. 

Peach yellows and fi'ost iii jnrv. | Atistr;o*t of j»api*r read before* Amer. Plivtojiath. S«k'. ) 
Sc'ience 31: 798 -799. 'hHO. 

Pee'.'in scab {Fnnicludium rffnsinn ). Science 33: 77.78. 1911. 

\iit elist'ases with special refi*rence te» the pecan. Amer. Pe)me>l. Soc. Iboe*. 32: 1S7-190. 
1911. 

Collar blight and otlier collar ajid root diseases of the apple. \V. Va. lleirt. Seie. Pj<»c. 
18: 00-73. )912. 

3'hi ipseases of nut tre'cs. Neirtli. Nut Crow. Asseu*. Kejd. 4: 50-00. I!f13. 

Stigmonose*, a dise;ise <>t‘ fruits. 10)yte»])ath. 4: 402. 1914. 
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rrnit discfiHcs. Md. State Hort. Sm-. Jte])t. 17(1914 ) : aS-?.’!. Jifla. 

I he iinportaiiee of resea reli as a nH*a)is of iiiereasiiijEf agricultural production. Annals 
Auier. Acad. JN)litical and Social Scl. 49: 40-o0. 191 o. (Keprint as l*ul)licatioii 

888. 1915.) 

J\*ar hJiglit. (Abstract of an address.) In Sclioene^ W., (Aniference on pear blight. 

Amer. Fruit Grower, Mar, 191(>, [>]). i:t-14. 

(Vnunion and scientific nain(*s (vf plant diseases. (Abstr.) Phytopath. 7: <30. 1917. 

J^oisouous metals on sprayed fruits and vegetables. U. S. Dept. Agr. Bui. 1027. 1922. 

(With W. 1). Lynch, G. (J. ALDonnell, .1. K. Haywood, A. L. Quaintance.) 

(‘ontrol of fruit dis(*ases of sp(‘cial importance to the canning iiidustrv. Gairner 56: 159- 
1(>1. 192.1. 

A])T)le cedar rust control. Ann. Blister Rust Conf. Proc. 10: 29--.'34. 192.5. 

Comparison of orchard and nut diseases and their coiitrol by spraving .and fungicides. 

Katl. J'ecan Grow. Assoc. Proc. 23: 48-.58. [1925?] 

]*ear Idight infection of rose <Mittings and of mature fruit. V. S. l)(*pt. Agr. Official Rec. 
4(;ir):5. 1925. 

A method for tin* control of crowji gall in the apjde nursery. V. S. Dej)t. Agr. Circ. 37<). 
192<). (With F. A. Sieolek.) 

l>iseases and pests of fruits .and vegetables. V. S. Dejd. Agr. Yearbook 1926: 455-599. 
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THE LIFE HISTORY OF THE GOLDEN NEMATODE OF POTATOES, 
HETEKODERA ROSTOCHIENSIS WOLLENWEBER, UNDER 
LONG ISLAND, NEW YORK, (XINDITIONS^ 

B . II 1 T () 0 I> A N j) K l> N A M . B IT 11 K K K 

for puinirntioii July 124, 1945) 

INTRODUCTION 

At the p]-(‘s(‘jit time tliere are four nematodes known to cause ilamafie to 
l)Otatoes ill the Ihiited States: the root-knot nematode {Hcterodera mariorri 
(Cornu) Goodey) and Scribner’s meadow nematode {Freiiylenchus scrihneri 
Steiner in Slierbakoff & Stanley), both prevalent tlirouj^hout the jiotato 
acreages of the eountry; tlie i)otato-rot nematode {Ditylenchns destrvct(n‘ 
Thorne), oecurrinjr in a sin<>le a]*ea of Idaho; and the golden nematode of 
|H)tatoes (Ileierodera rosltjehii itsis Wollenweber). (>ceurrin^‘ in a sinj^le area 
of Lonji* Island, N. Y. The first two are ])revaleMt and (Mmimonly (*ause con¬ 
siderable loss in cro]) on Lon«»- Island. II. rosfoelnensis causes considerably 
more damage in the area of its (>renr]‘ence but is of minor importance wlnm 
national crop losses are considered. The jiotential damage wliich (;ould lie 
expected from it, were it g‘ent‘ral, is our jirimai’v consideration, for it causes 
major losses throughout the entire northern potato-growing regions of 
Eurofie and the British isles, l^eipin*-^' stales comuvrning tins disease: ‘^Once 
its nature and importance liad b<*en r(‘aJized, reports of its ocinirrence multi¬ 
plied so rapidly that, by the eai*ly post-war jieriod, ])ractically all the ])otato- 
growing districts of ]5ritaiu wei'e knoA\ .i to liave toci of infection. Since 
then infection has progressively increased in intensity so that to-day much 
of the potato land is ceasing in be economically jiroductive, and cousecjuently 
its once high market Aalue has mark(*dly depi-eciated. ” 

While the golden nematode uf jiotatoes was not discovered in the United 
States until 1941, our observations on the rate of its multii)li(*ation and 
spread indit*ate that it was inti-oduc.ed into Long Island around 1930. By 
1934 there were a few isolatiMl spots showing poor jiotato growth and by 1938 
these spots had multiplied and recpiests for soil analysis had been made by 
the growers. In 1941 the jiotato growtli Avas poor throughout the field on 
which these spots had been observed, and it was at that time that tlu‘ causa¬ 
tive organism Avas identified. In 1942 a coo])erative survey showed infesta.- 
tion in 14 fiehk totaling 434 arr(\s. in 1943 as many as 23 fields totaling 840 
acres, and in 1944, 2fi fields totaling 918 ai-n's. In the meantinu* the State 

1 InvestigiitioDs on this potato |M‘st are earried oii ])y the Division of Neniatology, 
mn ean of Plant Industry, Soils and Agricnltnral Engineering, and tic Division of Donies- 
tie Plant Quarantines, Bureau of Entomology and Plant Quarautinc, l)oth of tluj Agri 
cultural Bescarch Administration, V. S. Departiiient of Agriculture; tlie Agricultural 
Experiment Station at Cornell ITniversity; and the New York State Departiinmt of 
Agriculture. 

Leiper, B. T. The potato eelworm ju'oblem of to day. Jour. Boy. Agr. Soc. England 
100(3): 03-73. 1940 . ‘ 
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of New York iias enaeted eertain regulations to j)revent local and national 
<lisi)er.sal of the pest. 

Diirinjv the suniiner of IfMi we |)articipated in a survey of tlie potato 
iirowinjr areas of the northeastern United States, which Avas conducted co¬ 
operatively with the Biireaii of Entoinoio«:y and Plant Quarantine, XL S. 
I)ej)aj’tnient of iVj^i-iculture. In this survey M8() farms, totalinjz: 48,156 
aei*es, were insi)ected for the pres(*nce of n< f( rodcra rosioch lensifi. Althou^li 
the survey represented a «‘en(*ral sani])lin^^ of the potato lands of 19 States, 
not a sin< 4 l(: instaiU'c of ‘•‘olden inunatode Avas observed. AVhile our survey 
<Mudd (‘inbrace only the examination of representative samples and, Avhile 
negative findinjis are ne\(M* conclusive, it can be stated that the odds are 
99 : 1 that Jess than 4 farms in 1,000 and less than 2 acres in 10,000 are 
infested iji th(‘ areas surveyed. It would a])p<‘ar that IL t'ostoeJiiensis is 
wholly or chiefly confined to a sinjile area of Loni^- Island at the present time. 
Prom tin* national standpoint this area of infestation is important as a source 
of new inr(*stations and as a threat to the |)Otato industry of the country. 

LIFE IIISTOHY OF THE NEMATODE 

P^'^s and larvae of H< U rod( r(i r(tslocJrinisis overwinter in tlie body of 
I lie dead femah* which lias been transformed into a brown, tliick-Avalled, pro¬ 
tective ('.vst. In s|)rin<»‘ tin* eiz-jrs hatch and larvae emi^Tate from the cysts 
to attack potato roots. This activity is at least partially dependent ni)on 
temperatni*e. and will he discussed later. The iiiATulinji,’ larvae pometrate 
any pai't of tlie root system or tubers, taking** up a positimi Avith tlie head 
n(*ar the vascular syst(‘m. The ]K)sterior part of the body may completely 
• »r only |)artially entei* the root. Fij^ure 1 shows the various stages of nema¬ 
tode <leveloj>nn‘nt. Tin* first and second molts are passed thi'ongh ra])idly 
( probably Avithin 5 to 7 days after invasion) and tliere is little ehangi* in 
uross form during this period, tlnmgh Ave helieAT* the sexes ean be distin- 
LMnsln*d tbrongh the thickening of the rectum in the male. Contrary to tin* 
d<*\ (*lopment in IL inarioni as given by Christie and Cobb, ' no molt appears 
to takt* iilaee in the e;..g. AVe believe Iavo molts taki* place in the larviform 
or slendi'r period, evidejiee being a differeiiee in the form of the east-off por¬ 
tion of tin* stylet (Fig. 1, Dl cK: C V) eoai-ser striation of tlie first- 

stage eiitiele. 

During tin* third stage (a]>proximately 10 days al'ter invasion) the pos- 
t(*rior part of the body eidarges in hotli sexes, and may at this time break 
tlirougii the root epidermis if the specinn*n is lodged in a small root or near 
a, root surface. During the fourth stage i^also about 10 days) the posterior 
]>art of the body of the female eoiitinues to enlarge, very rapidly becoming 
s|)heroid, and many more speeiniens break through the root surface. Tlie 
fourth stage male elongates, reassuming the vermiform shape, coiled within 
the third sdage enticle. During the latter part of the fourth stage the thick 

.'i (Miristic J R niHl (Irncc* Slicrmmi Cuhh. Notes on tlie life liistory of the root-knot 
iU‘.n;.t(Mle,‘7/cO'nu7c;Y/ mariom. rroe. 41 einiin 1 lu.l. Hoe. Washington 8: ::r;-2h. 1941. 



Fig. I. Btages in tlio Jifc liistory of Ifcttrodrra ritstochu iisiii. liotteiiiig nuiu- 
l>cring nmingcd to identify ('oirtvspoiidiTig stogcs in hotli All jtbonl lUM), 

A—Kgg rontalning larva, sex nndotvrnrinaldo. 

B-- Larva broken o,it of egg (1st stage), sex iindeteiMiiinablc'. 

('$ — Larva (? female) in 1st molt. 

Dl r.Larva. (? male; in early ])haso of 1)1$ — Larva { ! female) in early phase of 

( ?) 2nd molt. 2nd molt. 

D2-v--dSamc, in final i)art of ( ?; 2nd m<dt. 1)2 9-~ Larva (female) in final ]>hase of 

2n(i molt. 







Tk;. St;i;>os in llu' lifo liistorv of lit h roilrra o'o,slochi( Hsis\ con tinned from 
ir«- 1. I.ot1(’i in)i>‘ ;nid iinmlnn in^^^ nrr:nij^(‘d to idontifv corrcspondiii;’ stores in botli sexes. 
\11 .ibont odn 

'A — lionn, :U-d stn^je male. HI 9 -^^nrva, early .'Ird stafjfe female. 

liarva, nmltinjj' .‘ird sta^n- male. K:? 9 — barv.a, late Mrd sta^e female. 

'M ^ -Larxa, coilinj; (*arly -Itli st.ajji- male h."l 9 — Larva, moltiiijuf ,:)rd sta^e female. 

(in .‘Ird cuticle^. 
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refrjH^tive niticle ol* tlie iuiiilt iVinale bej^ins to tovin. Prior to its formation 
females are praetieally invisible to the iiaked eye because of their trans- 
pa,reiiey ami t)r()toplasmie ei-ay color. With the advent of the adult cuticle 
females turn opaque, waxy, or pearly-white, and tlnis IxH'Ome macroscopi- 
call\' visibh*. This transformation jrives the impression of sudden, multiple 
emergence from the root, althoujih a(*tualiy specimens of all stages can be 
found at this time, if examined mi(*ros(‘opically, the posterior j)ortioiis of 
their bodies ])ro.iectin<:»* outside tlie root. Specimens that have completely 
entered the root may subsequently break througrh its surface in the third, 
fourth, or adult sta|>e. Males may either cast or r(‘taiu the cuticle of the 
tliird stajre before proceedin«j: to the final or fourth molt. 



Fig. 4. Pcl uto r<M>f s iTifo('t<*(i witli 11 1 tcrodcra roslochicnsis. TiOft: Adult femMlc 
iicinntodes shown jis sphorical lK)dies elustoml on root, y 8. Centor; Tsolat<*.d piert* of 
!-o(»t sliowinj,^ one fcMiiolo prossiii^ through root surfaco and sovt'ral (oators whore others 
have 1 alien out. : i.;!. Kight: '2 isolated pieces of root; foniah's glisten innnediatoly 
after l)(*ing removed frwm soil; 7 spcciniens can be found on extreme right-hand root. 
X 4.0. 

During the IG days following the final molt tlie female tuiTis from white 
to yellow an I <‘ggs are produced (Fig. 4). As the season progresses, the 
females become golden, are finally transformed into a brown cyst containing 
eggs capable of overwintering, and the cycle is complete. In some instances 
hatching larvae were obsei*ved within yellow females as early as June 16; 
we have been unable to verify this point, however, from preserved material 
of that date, although we have seen frilly develo]ied larvae present in the 
eggs. AVo are therefore uncertain whether su(4i eggs liatch normally, therebv' 
permitting larvae of a seeond generation to invade potato roots during the 
same season. It is known that invasion of roots (and tubers) continues 
tlirougbout the growing season, but this could be tlie action of larvae from 
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old (*ysts. The ojijis and larvae from a eyst do not all l)e(‘ome acdive at the 
same time, but liateh and emij^rate over a ixn-iod of years. 

To summarize, tlien, it may be said that the nematodes pass thi’oujLih th(‘ 
four molts Avitldn a ])eriod of 23 to 33 days and !)(*«»in to prodnee ('jrgs (*o!i- 
tainiii|>' Jarv-ai^ within 16 days Ihereaftei*. The (uitire j)ei‘iod from embryo- 
nated e»<is to embryonated eg:^s is not less than 38 and does not exceed 48 
days. During this j)eriod, in the experiments of lf)44, the weekly mean soil 
tem])eratures w(‘r(‘ 58^, 63°, 63°, 66°, and 6!P F., ('hronolopieally. 


KUliATION TO POTATO HOST 

An effort was made to establish a eorrelation between hatidiin^- of eji’gs 
plus emi^Tation of larvae, and soil temperatures. Table 1 shows (Muints of 
ej>»>s and larvae per (*yst on April 25, May 5, and May 26, 1944. Tliere was 

TABIUj \.—Conti rits of ct/sfs r>/ II etc rod era rotdocliiin.sis in n lotion to dati, in 
VJii. {Means of 10 ci^sts from 10 saniphs of .soil per date) 


of noniatodi* 


>.ninlK‘r found on 


April 2;*) 


M;iv r, May lM> 


. oT , ‘f.'i 

Larvae . 15 15 10 


t^otli eggs and larvae 


5S 


a d(‘6nite rediietion in tlie number of eggs in cysts b(‘twe(‘n Aj>ril 25 and 
May 5, indic'ating that hatching was taking i)la('e. Tin* number of larvai* 
I’emained ('onstant between these* dates, which we* intej-pret to mean that 
emigratiem e)f larvae from the cysts kept paeu* with hatching. There is no 
evidence of hatching between May 5 and May 26, but emigratie)n e)f larvae* 
continued. Lai’vae* were hrst seen in potate) j*e)ots on May 9, in tin* edeserv a- 
tions e)f 1944. 15efe)re that date weekly me*an se>il te*mperature*s hael be'cn 
49° to 51° F. (between April 7 anel 28), then suehlenly re>se to 59° F. fe)r the* 
week of April 29-May 5. The*reafter they wen*e 58° F. or high(*r. Eviele*m*e‘ 
in previous years has indicated nematode dorman(*y at weekly mt*an tem})era- 
tures up to 54° F., but there* was no sne*!) |)eriod in 1944. 

The life history of the nematode is inalt(*rably linked with that of the 
potato plant. A study was therefore* made* e)f the growth I'ate of the latter, 
with special refememe'e te) the inflnene*e* e)f sevil temj)(‘i*ature. Pe)tatoe*s of e*ach 
of three varieties were planted in five randomized |)lots on clean and oji in¬ 
fested soil, and were allowe*d to root. After one week, a j)lant of each variety 
was taken at random from eaxdi of the five clean and five infested plots, and 
its root system weighed. This process was repeated weekly for the su(*ceed- 
ing six weeks. Table 2 gives the total weights of each group of five plants 
at the various dates, together with the weekly mean soil temperatures of 
those dates. It will be seen that the variety Irish Oobbler is (*.apable of soim* 
root growth at 49° F., while Green Mountain and Hoinna are not. Botli of 






187 


19461 CiHTwooi) AND Bitiireh: Golden Nematodi-: of Potato 

TABLE 2.— Wnighis in (jnuna »•/ root systems of S potato varieties 


\';n i(*tv 



ii'ish 

Coi)l>ier 



Ifoum 


Mean soil 

1 )at(* 

( 11144) 

(ireen Mountain 

a 

tempera tun; 

Inf. soil 

Clean 

soil 

Jnf. soil 

Clean 

soil 

Inf. soil 

Clean 

soil 

(degrees F.) 

Apr. 25 

0 .0a 

0.0 

0.0 

(>.0 

0.0 

0.0 

40 

Mav 1 

0 .(i 

0.1 

0.0 

0.0 

0.0 

0.0 

40 

8 

2.5 

4.0 

0.1 

0.2 

0.0 

0.4 

50 

12 

8.1 

21.1 

0.0 

7.0 

1.6 

14.2 

58 

«>o 

25.5 

23.4 

10.1 

18.0 

12 .r> 

17.2 

63 

21 ) 

54.0 

42.1 

10.2 

17.6 

33.5 

22.0 

63 

June 5 

35.0 

41.0 

18.0 

24.0 

45.0 

40.3 

66 


“ EjKiU weight is the tetnl of o root systems, 1 plant from each replicate. 

the hitter are capable of root growth at 58*^ ¥.* In comparing the growth in 
clean and intested soils, nnfortunately^ we cannot attribute the differences 
solely to the effect oI llclero<l( ra rostochiensis sinei^ otlier nematode patho¬ 
gens (H. HUirioiii and Pmtylf nchus scribneri) were also jiresent. It can be 
said, however, that root growth ol* all varieties was delayed in the infested 
soil, ''riie difference between root growth in clean versus infested soil was 
greatest about May 15, after which there was a root stiimilation or prolifera¬ 
tion in the case of iilants growing in infested soil, that tended to reduce this 
differeiK/e. 

Observations from iirevions years had alreaily indicated that Heierodcra 
rosiochiensis caused minor damage to Irish Cobliler and major damage to 
Green Mountain and Ilonma. Injury shows in the foi-m of delayed emer- 
geiK'C and stunting of the [ilants, and reduced yields of the crop. We believe 
that the relation of sjndng soil temperatures to nematode activity and to 
potato growth accounts for the differences in crop losses due to nematodes 
in the several varieties of j)otatoes. These relationships are shown in table 3. 

TABIjE —Effect of soil temperature on growth of potato roots and invasion hy 
Jleterorh ra rostochiensis 


Mean soil 

Invasion of 

GroAvtli of potato roots" 

temperature 
(degrees F.) 



nematodes 

Irish (A)bl)ler 

Green Mountain 

45 

... 

(t) 

_ 

40 

— 

_ 

53 

(“) 

-r 

? 

54 

(-) 

4 

0) 

57 

(+) 

-r 1 

4 

58 

(+) 

4- 4- 

4 

50 

-i- 

4- 4 

4 

62 

r 4- 

i 4 

-{ 4 


a (+) or (-) Activity or iimctivity (of nematodes or root growth, as the case may 
be), as based on circumstantial evidence. 

+ or - Activity or inactivity, as based on direct observations of specimens. 

+ or — Pronouncod activity or inactivity, as based on direct observations of 
specimens. 

‘ Evid(uice from j)revious seasons indicates minor root giowth of Irish Cobbler at 
4")° F. and of Green Mountain at 54° F. 
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TABLE 4.— Y if his and producliott msls of ^ pfdato varh tirs in clean and in llf if r- 
odrra rostoeh icmsis’-i n f esicd so iIs 


Yield in ewt./aere Cost of urodnetion (in dollnrs) 

Variety------ ----- ■ ... . -.- 


arul year 

(Mean Mod. inf. 

TFeavilv 

Clean 

Mod. inf. 

Heavily 

soil 

soil 

inf. soil 

soil 

soil 

ijif. soil 

Irish Cobbler: 







1941 

172 


144 

0.83 


1.03 

1942 

192 


133 

0.80 


1.13 

1943 

138 

137 

70 

1.10 

1.10 

2.13 

.1944 

133 

84 

82 

1.10 

1.80 

1.83 

Summary 

133-192 

84-137 

70-144 

0.80-1.10 

1.10-1.80 

1.03-2.13 

Green Mountain: 







1943 

118 

103 

38 

1.00 

1.43 

2.00 

1944 

110 


32 

1.33 


4.70 

Summju’y 

110-148 

103 

:*.2-38 

1.00-1.33 

1.43 

2.()U-4.7e 

It would seem 

that Irish 

(Gobble 

r can . 2 ’r«)w’ 

dui'in^’ 

tlie s[)rinj4' 

wdieii soil 


l;eniperatur(»s are between 45'^ and 38 ' F.. before mass root invasion by tin* 
nematodes oeemrs. (ilreen Mountain, liowever, be<»ins to j^row wben soil teni- 
])eratni*(‘s are 34^ to 58*^ F. Vari(*tal ditTerenees in snsi'eptibility to mmia- 
tode dama<»’e are ])robably eorrelated Avitli varietal differenees in ability to 
])roduee roots at temperatures below those at wliieli nematode attai'k takes 
plaee. Differenees in injury 1‘rom year to year within a <»’iven vari(dy proba¬ 
bly depend upon the dviration of mild spring* temperature's when th(‘ |)lants 
eaii ^row free of nematode attack. 

To illustrate the importance of this varietal sus(fef)tibility we have com- 
pfired the ('rop yields and ('ost of jjrodnetion of Irish (k)bbler and Green 
Mountain on clean, on moderately iiifesied, and on heavily infested soils for 
the years 1941-1944, where our r'xperimental data were availabh*. to^ethei* 
with a summary for those years. On the basis of thesi* tijiures (Table 4) we 
may conclude that Irish Gobbler may or may not lie pi’ofitable on infested 
land, and tliat Green Mountain definitely is not profitable. 

All effort was made to correlate some jiotato yields of th(‘ entire Xassau 
CounGV, L. I., N. Y., from 1939 throuuh 1944, with our eonelusions. To do so 
it was necessary to combine losses tine to Ileicroflini coslnrhif nsis with those 

TABTiE 5. —Yields of .J polo to varif ties for Xassau ('ouufjf, V. V., as rontfuired u'ilh 
early spriny soil teinperfitui cs 


Y(‘ar 

Yield in 

cwt./aere 

No. wks. with soil tem|)(‘ratnre at 

Irish Cobbler 

Green Monntain 

43^’-38" E. 

34°-38° F. 

1939 

90 

73 

3 

0 

1940 

191 

101 

8 

4 

1941 

139 

133 

3 

4 

1942 

192 

144 

4 

3 

1943 

141 

in 

() 

o 

1944 

102 

84 

3 

0 
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diK‘ to H, marioni, since temperatures at wliicli the latter invades roots en 
masse according to Godfrej?^® are nearly identical with temperatures of inva¬ 
sion by the former. Table 5 gives a comparison of the average yields of 
Irish Cobbler and Green Mountain in Nassau County for these years, to¬ 
gether with the number of spring weeks during which the mean soil tem- 
])eratures there were 45° to 58° P. and 54° to 58° F. The year 1940 was a 
banner j^ear for potatoes from the standpoints of botli county yield and dura¬ 
tion of root-growth before nematode attack. On the other hand, the years 
11)119 and 1944 were characterized by low’ yields and, significantly, a short 
period (;f mild spring temperatures. It seems possible that the length of the 
period of mild spring weather is a major factor in determining ci’op produc¬ 
tion in areas infested wnth either //. rostocliiensis or II. marioni. 

Division op NEMATomoY, 

Bureau of Plant Industry, Soils, and Aukk’Ultural Engineering, 
U. S. D]:eAirrMENT of Agriculture, 

Hicksville, N. Y., and Beltsville, Md. 

Godfriy, George IT. Effcet of tempernturc oiol ?noistnr<‘ (Oi le/niatocle root knot. 

Agr. Res. fU.S.] 223-254. 1020. 



THE FUNGUS THAT CAUSES SOOTY STRIPE OP 
SORGHUM SPP. 


Lindsay S . Olive, C . L . L e f k k v r e and 
Helen S. S h e r w i n i 

(Accepted for publication Sc^ptember 15, 1945) 

Tile fungus discussed in this paper causes eloiigate-elliptical lesions on 
leaves of sorghum and related species (Fig. 1). It occurs in a number of 
tJie Southern States, in some cases in considerable abundance. 

Larsli (7) in 1944 reported SeptoreUa sorglii Ell. and Ev. on sorghum 
from Oklahoma and Arkansas. Subsecjuently (8) this identification was 
corrected to Titaeospora andropoijonis (Miura) Tai, which is the name wsu- 
ally applied to the fungus that causes sooty stripe of sorghum. As lli(‘ 
writers were unfamiliar with Scpiordia sorglii, a specimen was requested 
and material collected in Oklahoma was kindl.y sent by I). A. Preston. Tlie 
Oklahoma material agreed perfectly with that collected previously by one 
of the writers (Lefebvre) at a number of points in several Southern States. 

It has been assumed, heretofore, that the first description of the pathogen 
was that given by Miura (9) in 1920, when he described it on Andropuifoii 
sorglmni Brot. var. vxdgaru^ subsp. japonic us Hack.’’ {Andropogan ifor- 
ghuni (]j.) Brot. subsp. sativus Hack. var. vidgaris Hack, subvar. japoxucus 
Hack. - Sorghum vidgare Pers.). Miura created a new g(mus for the fungus 
and called it Ramidispor andropogonis. He placed the g(‘nus in a new sub¬ 
family of the Melanconiales. Tai (11), in 1932, transferred the species to 
tlie previously described genus Titacospora, Bubak (4), another genus of th(‘ 
Melanconiales, making the name T, indropogonk (Miura) Tai. This is tlie 
name by which the fungus liad been known up to 1944 when Larsh (7) 
reported*^ Sepforella sorghi. 

In 1903, Ellis and Everhart (5) des(‘ribed SepforcUa sorghi on the leaves 
of Sorghum halepense (L.) Pers. collected by George W. (hirver at Tuskegee^ 
Alabama, in September, 1901. A part of the type collection of this fungus 
was kindly supplied by J. C. Gilman from llie herbarium of Iowa State Gol- 
lege. An examination of the fungus showed that it was identical Avith the 
one described by Miura (9). Thus, S. sorghi Ell. and Ey. antedates Ramuli- 
spora andropogonis Miura by 17 years. Ellis and Everhart, however, had 
mistaken the sclerotia for pycnidia, and ap])arently had not noticed tliat tlie 
conidia were branclied. 

In tAVOj'ecent papers, Bain (2) and Bain and Edgerton (3) have pointed 
cut that tlie fungus has been incorrectly classified and that the fruiting body 

^ Formerly Pathologist with the Emeigoney Plant Disease Prevention Project, Divi¬ 
sion of Mycology and Plant Disease Survey ; Pathologist aiid Junior Pathologist, Division 
of Forage Crops and Diseas(\s, Dureaii of Plant Industry, Soils, and Agricultural Kngi- 
iieering, Agricultural Research Administration, IT. S. Dept, of Agriculture, Beltsville, Md., 
respectively. 

The authors wish to express their appreciation to A. G. Johnson for critical reading 
of th(^ inaimscvipt. 
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Fig. 1 . L(‘si()iis of the sooty stripe dlserise on sorj^hiim. A and B, Lesions on 
sorj^lnim leaves eolh'etod in tlie field ; C, Tiesions ])roduced by inoenlatioii in the i^reeiibouse ; 
I), Lesion produeed by inoeulation, showinjr selerotia ; E, Part of the same lesion as I), 
enlarged. 
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actually is more like a sporodocliiiiin than an aeervulus. The studies by the 
writers agree Avith this. 

In an attempt to determine the relationship of Seplorella sorghi and 
Tliaeofipora andropogonis and to establish the systematic xK)sition of these 
fungi in the Fungi Imi)erfecti, all of the above-mentioned material and other 
herbarium specimens Avere studied, as avcII as fresh material from plants 
artificially inoculated in the greenhouse. Studies Avere made also to obtain 
a better kuoAvledge of the life history and ])arasitism of the fungus that 
i'anses the sooty stripe disease. 

DISTRIBUTION OF THE FUNGUS 

The fungus has been found on the folloAving hosts in the States indicated. 
The reports not credited are based on specimens collected by one of the 
writers (Lefebvre). 

Oil Sorghu77i kaJepethse (L.) Pers., Alabama (5), North Carolina, Missis¬ 
sippi; on S. vulgare Pers., Alabama, Arkansas (7), Florida, Georgia, Louisi¬ 
ana (1), Mississippi (10), Oklahoma (7); on S. haUpemexS. vulgare, 
Mississippi; oiiS. vulgare var. sudancuHC (Piper) Ilitehc., Florida, Georgia, 
T<'xas; on vulgare xS. vulgare var. sudanense, Georgia. 

MORPHOLOGY OF THE PUNGUS 

The mycelium, stromata, sporodochia, eonidiopliores, conidia, and scle- 
rotia have been studied chiefly on field and greenhouse material ol* sorghum 
in variously stained free-hand and microtome sections of l(‘sions. Phlo.\dn(‘ 
in Patterson\s mounting fluid has been found satisi'ai'tory for hand sections, 
and safranin and fast green for microtome sections. Unstained dried and 
fresh material also has be(*n studied. 

The hyi)hae are chiefly intercellular in the parenchyjjia of the leaf tissue 
( Fig. 2, C) but are intracellular in the A'(*ssels ( Fig. 3, C and D). In the 
vessels, the liyphae extend longitudinally in the leaf, thereby lengtiiening 
the lesion. Eventually the hy])hae tend to aggregate just beneatli the sto¬ 
mata to form more or less compact stromata from which tin* eonidiopliores 
.•n*ise (Fig. 2, B and C, and Fig. 4, B). Fretjucjitly, the substomatal hyj)ha(‘, 
and the eonidiopliores arising fi*om them, are fcAv and not aggregated into 
compact masses (Fig. 2, A, and Fig. 4, A). Typically, the eonidiopliores 
mass together into a column, which eventually collapses the guard cells (Fig. 
2 C, and Pig. 3, A). These eonidiopliores usually extend to a point some- 
wliat above the epidermis and i>ear the conidia singly at their tips, and the 
conidia eventually become aggregated into gelatinous masses (Fig. 4, C). 
With tenlperature and moisture faAmrable for the fungus, the fructifica¬ 
tions continue to develop and expand. The stromata, as well as the conidio- 
jihores, eventually become sclerotizcd (Pig. 3, A, and Fig. 4, D). Conidia 
continue to be produced until all of the eonidiopliores become selerotized. 
Tlie entire fructification may be converted into a black sclerotium Avhich 
ceases to produce conidia (Fig. 4, E, a). Thus the fruiting structure Avith- 
out question is to be interpreted as a siMirodochium. 
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Fig. 2. lUmtilhpora sorghi. A, Small eoiiidial fnu'tificatjou in stoma (Same as 
Fif^. 4, A) ; B and C, '\\)tuig sporodocbia in stomata (C also shown in Fig. 4, B) ; 13 to F, 
Conidia. germinating on agar. (A to x 945; D to F, >: 400.) 
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Fig. o. a to (t, liaiimliapora sorghi on sorghum; A, Sporodochium, showing sub* 
stomatal stroma, eoTiidio|)hores, and branched conidia; B, Developing sclerotia; C and D, 
Hyphae in the vessels; E to G, Oonidiophores and conidia as they appear inside the agar 
jnediiiin; II, :i and b, Fused conidia of TUaeospora detospora. ( All figures x945, exeeiit 
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Fig. 4. Photomicrographs. A to G, Bamulispora sorghi on sorghum; H, Titaeospora 
detospora on Equisetum; A, Small conidial fructification; B, Two young sporodochia; C 
Spoiodocliium with mass of conidia; D, Mature, partly sclerotized sporodochium with 
conidia; E, Sclerotized sporodochium (a) and two sclerotia (b) ; E and G, Conidia; H, 
Acervulus of Tifacospora detospora with exuding mass of conidia. (All figures x400* 
except E, X IJiu, and H, x 90.) ’ 
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The eonidia are lonjj’ and slender, hyaline, curved, taf)erin<>‘ gradually 
to\vard tlie apex. 38-86.3 x 1.9-3 They become 3- to 8-septate and pi'o- 
duce 1 to 3. usually 2, lateral braiielies, wliieh become 0- to 3-septate and 
measure 5-53 1.1-2.5 j.i (Fig. 3, A, and Fig. 4, F and G). AVhen the eonidia 

are germinated on agar, their cells swell, often appear elilamydospore-like, 
and send out innvrow germ tubes (Fig. 2, 1) to F). 

Most of llie large l)lack sclerotia that appear on the surfa(*(‘ of tlie lesion 
seem to arise indej»endeiitlA* of the sporodochia, altliougli it is not always 
possible to distinguish between sclerotized sporodochia and young sclerotia. 
If diseased plants are kept in an environment unfavorable for conidial pro¬ 
duction, only sclerotia appear, and many of tliese seem to develoj) from what 
would have been s]>orodochia. In fact, if the lesions are j)la(‘ed in a moist 
chamber at this stage, some of the immature sclerotia ])rodiice eonidia very 
readily. After the sclerotia have matured fully, however, they usually can- ^ 
not be induced to produce eonidia. 

In descrij)tions from tlie Orient, the st'lerotia have bci‘n described as 
occurring only in autumn ( 9, 11). Tn a collection sent by M. L. Lohmaii 
from Mississippi, they were }u*odueed as eaVly jis June 11. Other records 
show that in the Unitinl States they ajiiiear throughout the suinnier anil 
autumn. Their occurrence is dependent, not so muidi on tlie time of tlie 
year, as on the condition of the dying, diseased tissue. 

The sclerotia, like the sporodochia, arise from the sub-stomatal stromata 
that give rise to columns of hyphae that pass tlirough the stomata and form 
hemisi)herical masses of enlarged liyplial ecJls on the surface of the leaf 
(Fig. 3, B, and Fig. 4, E, b). The entire structure becomes sclerotic. At 
maturity, the hemispherical bodies are brittle and easily broken off and dis 
lodged from the leaf surface. Thes • sclerotia are hard, black, and tubiu’cn- 
late and measure 53-170 n in diameter. 

In order to determine how the fungus overwinters and how infection 
occurs the following sjiring. some heavily infected leaves that were cov(*red 
with sclerotia were placed outdoors and left there through the winter of 
1944 45 at the Plant Industry Station. Beltsville, Maryland. On May 22, 
1945, some of the material was brouglit in and examined rnicroscojiiiially. 
The sclerotia were unchanged and IIac eonidia were almost completely lack¬ 
ing. Some of the leaf fragments with numerous sclerotia on th(*m were 
placed on moist blotting paper in a Petri dish and left overnight. The fol¬ 
lowing day. many of the selcrotia w-ere prodnciiig eonidia in great profusion. 
Gelatinous aggregates of eonidia, like those already described, were observed. 
Frce-handwsections of the material sliow^ed that the eonidia W'i‘re being jiro- 
duced chiefly at the top of the selerotinm wdiere a group of conidiopbores 
had appeared. Although tin* eonidia are produced entirely outside tlie sde- 
rotium, the latter appears, superficially, like a pycnidium wuth couidia 
exuding from an ostiule. Some eonidia were observed arising from sclerotia 
that had been arrested early in their development. Thus it appears that the 
sclerotia function primarily in overwn’ntering the fungus and that the eonidia 
produced by them are tlie cliief source of infection in the spring. 
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OULTUKAL CIIARACTEKISTICS Of^ THE FUNCirS 

The I'lio^Tis was grown on various cnitnre media including malt, i)Otato- 
tlextrose, prune, corn-meal, bean-pod, and sorglium-leaf agars. In all cases, 
growth was rather slow. On all agar media, tiie fungus grew in raised, 
black, tougli, tnberculate masses, appearing somew^hat lik(^ an aggregation of 
sclerotia. Several weeks were required for good (»onidial production. Co- 
nidia, similar to those on leaf lesions, were produced abundantly on short 
conidiophores in light pink, gelatinous, cone-shai>ed masses all over the rough 
surface of tlie black fungal cushions on all agars, except malt agar, on which 
A'cry few of them aj)peared. 

In agiir (uiltures, a (*onsiderable part of tlie fungal growth was bein^ath 
th(‘ surface of the agar. In thin sections cut through the interior of the 
agar, small bla(4c specks were observed all through the medium. An exami¬ 
nation of these under a microscope showed that they were small aggregates 
of swollen hyphal cells. Furthermore, the fungus was growing throughout 
the intm*ior of the agar niediiim and s})orulating there like a moniliaceous 
fungus. One to sev(n*al ctonidia were produced on conidiophores of various 
hmgths, which arose from liyaline hyiihae throughout the medium (Fig. 3, 
E to 0). The conidia were typical in ajipearance, exce])t that usually they 
wer(‘ largi'r than those x>roduced on the sclerotia on the surface of the agar. 

Other mdture media used were carrot juice plus 1 i)er cent dextrose, 
st(*rilized Stems of sorghum and Johnson grass, cowpea pods, and string 
beans. Again the fungus grew slowly in the form of conspicuous, black,' 
tubciv'ulate masses. Conidia were scarce on all of these media except in the 
carrot-juice concoction, in w'hich tlicy were produced in abundance. 

An effort was made to find Ihe pej'fect stage in culture, in material from 
the field, and in overw int(*red leaves, but witliout success. 

TAXONOMY OF THE FILVOUS 

The foregoing investigations have shown that the conidial fructification 
of the fungus tliat causes sooty stripe of sorghum, Sudan grass, and Johnson 
grass is a spoi odocihium and not an acervulus. This fungus, in some resi)ects, 
is like Gioeocercospora sorcihi, recently described by Bain and Edgerton (3) 
on sorghum. Both fungi have sporodochia and sclerotia; but, as noted 
above, Ellis and Everhart (b) named the fungus Bepiorella aorghi in 1903, 
thinking tliat the fruiting structure was a pycnidium. In 1920, Miura (9) 
established the genus liamulhpoi^i and described this fungus as R. amdro- 
pogonis. In 1932, Tai (11) transferred the species to the genus Tiiaenspora 
Bubak, making th<^ combination T. andropogonis (Miura) Tai. 

The g(‘nus Tiiaeospora Bubak, Avhich has T. deiospora (Saec.) Bubak on 
Eqiiiscivm as the type species, has true acervuli (Fig. 4, H). Bubak (4) 
characterized the genus chiefly by branched conidia produced in acervuli. 
Yon Ilohnel (G), however, ])ointed out tliat what Bubak liad taken for 
branched conidia in T. deiospora in reality were not branched conidia but 
were (.'Onidia tliat were fused at or near their bases. The writers examined 
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autheiitic material of T. detospora on Eqiiiseium and found the same type 
of eonidial fusion as deseribed by Von Holinel (Fig*. 3, H, a and b). This 
being’ tlie ease, the fungus that causes sooty stripe cannot go into the genus 
Titaeospora, because its fruiting structure is a sporodoehium and it lias char¬ 
acteristically bra 11 died spores. 

Mi lira (9) described the genus Uamiilispora as follows: 

''Melanconiales 

‘‘Melanconiales—Hyalorainulisporae. M. Miura, N. 8ubf. Eamuli- 

spora M. Miura, n. g. Spores eylindricai, flexuose, slender, branched, 

sejitate, other characteristics as in the case of Cplindrosporiion.^^ 

To be sure, Miura interpreted the fruiting structure as an acervulus, but 
tJie otlier characters, including the branched conidia, agree perfectly with 
those of the fiingns studied by the writers. Tlie writers, therefore, propose 
that the generic name liamuliiipora be retained, Init that it be transferred to 
the Tuberculariaceae, thereby abolishing Miura^s sub-family, and tliat tlie 
description of BamiUispora be emended as follows: 

Sporodoehia am])higenous, produced through stomata of infected leaves, 
arising from sub-stoniatal stromata; coi'idiopliores hyaline, simplt* or 
branched, short; conidia acrogenous, hyaline, filiform, with lateral branches, 
produced in gelatinous aggregates; superficial sclerotia present. 

Since S(ptorcUa sorghi Ell. and Ev. is the oldest sjiecifii' name oi‘ the 
fungus, tlie following is proposed: 

Ramulispora sorghi (Ell. and Ev.) Olive and Lefelivre, Coml). Nov. 

Septorella sorghi Ell. and Ev. (5) .1903. 

Eamulispora andropogonis Miura (9) 1920. 

Tiiaeospora andropogonis Tai (11) 1932. 

S[)ots elongate oUiptit'jil, witli straw-eolor ecnteis, siivrounde/l by reddish-jnirpb' to 
tan borders aceording to tlie variety. 8eleroti;i amphigtMioMs, ^re^arioiis, superfieial on 
straw-color centers of lesions, sub globose, coarsely tuberculatc, subcarbonaccoiis, 03-170 p,; 
.sporodocliia, amphigenous, develop from snb-cpidermal stromata, becoming (‘rumpent 
tlirough stomata ; conidiopliores fasicnlate, 10-35 x 2-3. p;conidia filiform, with .1 to 3 
branches, 5-53x1.1-2.5 11, hyaline, curved, tapering toward ap(‘X 38-80.3 x1.0-3 11 3- to 
8-septate. 

On Sorghum haUpunse (L.) Pers.—Alabama, North ('arolina, Mis.sissip|>i. 

On S. vulgare Pers.—Alabama., Arhanaas, Florida, Georgia, Louisiana, Mississippi, 

Oklahoma. 

On S. Jtalepense x S. vulgare —Mississippi. 

On S. vulgare var. mdanenae, (Piper) llitchc.—Florida, Georgia, Texas. 

On S. vulgare : *S, vulgare var. sudanense —Georgia. 

In the original description of the fungus, Miura (9) ga\'e Ihi-lOO a 2 -4 p 
as the spore measurements, ciiid Tai (11) gave 47.()-10().9 x 2.04-3.06 p. 
While these length measurements are somewhat greater than tliose obtaiut‘d 
by the writers, this difference is not considered signilicant, as the length of 
spores of this type Jiave a wide range, being influenced greatly by the environ¬ 
ment in which tliey are produced. 

PATllOGENICTTY OF THE FTJNOFS 

Typical leaf spots produced by this fungus in the field begin as small, 
oblong, reddish-purple spots, which develop into conspienous elongate lesions 
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with purplish borders and slraw-eolor centers of dead tissue. This dead 
tissue usually is more or less densely covered with small black sclerotia, 
which may impart a sooty a])pcarance to the lesion 1, A and B), hence 

the common name sooty stiijic g:iven to the disease by Bain (2). Tire spots 
are about ecpially distinct on botli sides of the leaf. 

In some varieties of soi*<j;hum, such as Leoti, and in Tift and Sweet Sudan 
i>rass, in whi(*h the purple leaf pigment is absent, the lesions have a tan 
inst(‘ad of tlie purple l)ord(‘r described above; and on Johnson grass tlie 
purpl(» l)order usually is not so pronounced as in most varieties of sorghum. 
MatuiH' spots, however, ai'c easily recognized by the numerous sclerotia on 
till' surface of the h'sions. 

It the lesions are examined Avith a binocular microscope or even Avith a 
hand hms after they have beeji taken from a warm, moist environment, 
numelons cones of agglutinated, flesh-color masses of conidia can be seen 
arising from eithei- li'af surface. Sclerotia in various stages of development 
also ma\' be scatti'red over the same area. Botli the sclerotia and conidia 
appear to be somivvlnit more abundant on the lower than on the npiier side 
of the leaf, 

111 a nursery of sorghum varieties, kindly arranged for in 1944 by J. D. 
AVarner at the North Florida Experiment Station, Quinc\\ Florida, very 
light to moderate infections by Ranmlispora sorghi were observed on tin* 
following varieties: Hex, Flanter, (Oilman, Saccaline, Leoti, Denton, Box 
Orange, Sapling, Bi-own Durra, Norkan, Atlas, Silver Top, and Gooseneck. 

To determini' Avhetlier symiitoms similar to those found in the field could 
be ])rodn('eil in the greenhouse, plants of sorghum and related sxiecies were 
inoculated in the spring of 1945 by spj’aying four or five times over a xieriod 
of two ilays Avith aipieous svispensions of conidia and hyidiae made from cnl- 
tiires of RiUinilispitra sorr/hi groAvn on agar or in carrot juice. Tlie latter 
medium was the most effective in producing large amounts of inoeulum. 

'riiree series of inomilations Avere made. AVitliiii a few days after each 
series had lieeii inoculated, small, scattered, purplisli siiots appeared on the 
leaves, but no eouspirunus lesions Avere observed until about Ki to 18 days 
after iiioeiilatioiis had been made. During this jieriod, the plants Avere left 
in tlie moist eliamber most of tbe time. The lesions were mostly like those 
observcil in the field, although usually tlioy Avere not so large (Pig. 1, C). 
AVhen ])lauts with matnri' lesions were returned to the moist eliamber, conidia 
ajipeareil on the lesions in great abundance. At rhe same time sclerotia also 
Avere readily ])rodueed (Fig. 1, D and E). Aj)])arently they Avere more abnii- 
dant on jilauts kejit in tlie moist chamber at this stage, although they dcA'cl- 
oped also on t hose ki'jit outside the moist eliamber. 

The relative susceidibility of the sorglium varieties and related sjiecies 
inoculated Avith Eatnnlispora sorphi may be given tentatively as folloAVs. An 
accurate iuterxiri'tation of results, liOAvever, was not possible in every case 
because many leaves on tbe test plants died or develofied streaks before typi¬ 
cal lesions were produced. Ilea aw infection Avas obtained on BroAvn Durra; 
on Orange, Hex, and Sugar Drip sorgho; on AVhite kaoliang; on common and 
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Tift Sutlaii ^i*ass; aiui on Jolinson ji'rass. Moderate infeetion oeeurred on 
Texas Blaeklinll kafir; on Sacealine, Minnesota Amber, and on Ilodo sorgho; 
on Standard broomeorn; on Dwarf Yellow and Martin milo; and on Sweet 
Sudan ^rass. Light infections r(‘siilted from inoculations carried out on 
Hon(*\, P]arly Folger, Atlas, Iceberg, and Leoti sorgho; and on Plainsman 
milo, Spur feterita, and Early Hegari varieties of sorghum. Wherever the 
large conspicuous lesions appeared, they developed the typical straw-color 
centers ainl })urpie borders, except in varieties wluvre the ])nrple pigment 
was absent in the h^aNTs. 

SUMMAKY 

Tlie morpliology of the fungus that causes sooty stript* of sorghum, Sudan 
grass, and Johnson grass is described. Mature lesions caused l)y the fungus 
usually a)*e covered by luinierous black sclerotia, have a straw-color center 
and are surrounded l)y a conspicuous i)urple border. In a moist atmosphere, 
sporodochia push through the stomata and ju’oduce conidia in light pink, 
gelatinous masses. These conidia are filamentous, cur\’ed, and se])tat(\ with 
I to 3 lateral brandies. Small, black, tubyrculate sclerotia also are iiroduced 
in large numbers through th(‘ stomata. The fungus overwinters by means of 
these sclerotia, which germinate to produce conidia in th(‘ s|)ring. 

The fungus may be (uiltured on most artificial media, but develojis very 
slowly. In cultnre, it grows in the form of raised tiiberculate, bla(*k mass(*s, 
on wbicii the conidia appear in light pink, gelatinous aggregates. Inside the 
agar medium the organism grows and sporulates like a m(>nilia('e(ms fungus. 

Typical lesions with sclerotia, sporodocdiia, anVl (*onidia liave been pro¬ 
duced readily b\* inoculating several varieties of sorghum, Johnson grass, 
and Sudan grass in the greenhouse. 

The genus Ramidispora is emended and transferred from The Melanconi- 
ales to the Tuberculariales of the Fungi Imperfecti and the new eombinalinu 
Jiamrilupora sonjhi is made. 

Plant Industry Station, 

I ^ ELTS VILLK , M ARYL A ND. 
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AN UNDESCUIBED EAR ROT OF CORN CAUSED BY 
PHYSALOSPORA ZEAE^ 


A R K 0 L D J . II L L S T li U P - 
(A(•((*] itcd for piiblicaiioii Scptomber 30, 1945; 

INTRODUCTION 

For the pnst sev<M‘iil years an ear I'ot of eorn {Zme rmius L.; Jias been 
iouiid in Indiana that eould not be identified Avitli any of the known diseases 
of corn (‘ars. During’ the period that the disease has been under oi)servation 
it never ijas Ixmmi found in great abundance. In 1944, liowever, its preva- 
lenee j‘ea(*lied as higli as 10 ])er cent in some JocaJities in the east-centj’al and 
southern ar(*as of the State. 

The causal fungus remained unidentifi(‘d for a number of years because 
it ilid not jiroduce fruiting structures either on infected ears in the field or 
in ])ure culture. Recently it was induced to sporulate on certain media, 
liH‘reby J'aeilitating' its proper identification. 

The present i)aper describes the symptoms of tlie disease as it affects ears 
oi‘ corn and reports experiments to establish identity of the ]>athoaen. 

SYMPTOMS 

The first indication of infection is premature bleaching of the husks of 
the ear. As tlie disease progress(*s the fungus mycelium cements the husks 
to i‘a(‘h other and to the lou'uels. At this stage, the more or less felty, wliite 
myi/tvliiim is obsei'vabh‘ on and between the kernels (Fig. 1, A) and, when 
th<* ear is l)roken, the pith of the cob has a characteristic slate-gray discolor¬ 
ation and is dott(‘d with black sclerotia (Fig. 1, H). 

As the dis(*ase continues to develo}), mycelium grows betAveen the husks, 
over the Ivcrnels, and Avithin the cob. The Avhite felty layer of mycelium 
bmweoii the inner iuisks soon shoAvs irregular blotches and streaks of gray, 
pai*ticidarl\ near the base of the ear (Fig. 1, B). At this stage, Avlien the 
inrectioii is w(‘li develope<l, the kernels often are speckled because of the 
formation of black sclerotia bctieath the pericarps (Fig. 1, C, D, E). 
Ileavily infected kernels often arc black at the tip, the coloration extending 
for varying distanc(^s tOAvard tlie crown. AVhen cat's are ke|>t moist for a 
long time, as may oeeiir in rainy Aveather or Avhen the ear is in eonta(‘t with, 
tlie ground, or Avlieu the ear contains a high pm'centage of natural tnoisture, 
the seed eoat has black streaks (Fig. 1, F). Sections tlirougli Itadly infected 
kernels sIioaa^ the embryo to be completely overrun by black mycelium of the 
futigus. Beneath the seed coats of such kernels black stromatie layers of 

1 Cooperjitive iiivostigMtions betweoii llie Division of PovomI Crops .•oid Diseases, 
Dureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States De])artmeiit of Agriculture, and the Department of IJotanv 
ami Plant J^athology. Purdue University Agricultural E.vpcriincnt Station. Journal 
l*M]K'r No. 200 of tlie Purdue lliiiversity Agricultural Ex])erinient Station. 

- 'Pathologist, Division of Cereal Crops and Diseases. 
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inyeeliuni are freiiuently seen (Fif?. 1, G). There is some sJireddiiig* oi* the 
eol) at tlie base ol: tlu' ear, but this is not so extensive as in Ni<»rospora cob 
rot (Fi<;*. 1, 1). Conpdetely rotted ears have dark gray hnsks, and cobs and 
kernels are reduced to a dry gray-black pitliy mass (Fig. 1, B). 

Iiitection takes place generally near or tiirongh the butt of the ear, but 
occasionaJly ears are t'ound Avhere inl'eetion was initiated through the tip. 

In many resjX'cts tliis ear rot closely resembles Diplodia ear rot. ])articii- 
larly in initial phases o! its development (Fig. 1, A), and the two diseases 
may easily be coid'used it superficiallx’^ observed. Tlie slat(*-gi‘a\' ('olor and 
the presence ot black sclerotia in the cob are symi)toms distinguishing this 
disease trom I)i|)lodia ear rot in relatively earl.v stages. The gray niA celimii 



Fia. ]. 'i’ypit-al svniptoinH prodinvd bv thr gray ♦•ar rot fungus. A. Early st:ig«; uf 
infection ; note siniilarity in ap])earain*e to Diplodia t ar rot. U. Advanced stage of tlie 
disease, with blotcLes of grjiy inveelinTu Itelween the husks. (\ 1). K. Speckled crowies and 
faces of kernels due to sclerotia IteJU'ath jterivarps. F. Kernels witli black striations. 
G. Badly infected kerne), showing gray-ltinck coloration of the germ and beneath peri- 
carp. H. Cross section rliroiigh an infected ear, showing development of sclerotia. I. 
Base of a diseased car, showing the shredded end of the ettb. J. 'ryjtical h^sion on immm 
l('af caused by P/ivmhhspffra zrnr. 


between the hnsks iiini the black sehu’otia heueuth tli»‘ p<‘!*i(-arps of lie* kernels 
are featuivs that I'urtlier differt*ntiat«* it. In advane<*(l stages, the gi*fj\ hlaek 
color and diy pithiness of' eom])letr‘ly rotted ears an* distiiud I't'orn syiiij)touis 
of Diplodia ear rot. 

In order to aA'oid contusion with a Phy^salosj>ora (*ar rot oeeiirriiig in 
Florida and caused by I*hifsulosponi n ivnUi h]ll. and tlie <*omii)oii name 
“gray ear rot” is sugg(*sted. The name, gray ear j-ot, is <h‘seri[)tive ol’ the 
vlistiiietive gray color of th(‘ hnsks and i!ie aj)]a‘aranec ol* iho interior of tlu^ 
eol) 
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ATTEMPTS TO INDUCE THE FUNGUS TO SPORULATE 

Tlie ear-rot fungus ^vas grown on a variety of vegetable extract agars 
including potato-dextros^\ corn-meal, rnalt-extract, oatmeal, Ijima-bean, 
prune, corn-leaf-decoction, and carrot-extract. Plates of each substrate w(‘re 
divided into two groups, one of which was held in the dark, the other in 
ditfus(‘ light, (hiltures were incubated in a teniperature range of 20° to 
24° C. The fungus was also groAvn on synthetic agars in which the carbon 
and the nitrogen sources were varied both qualitatively and quantitatively. 

AVitli the exception of malt-extract agar, none of these media supported 
dcA'clopnient of any fruiting structures. On malt-extract agar small botryoid 
masses were found on old cultures that had been incubated for 6 Aveeks. 
Tliese jnasses AV(‘r(‘ (‘arl)onac(‘ous clusters of black pyenidium-likc bodies bear¬ 
ing minute, elliptical to oblong, hyaline spores that failed to germinate. 

A number of investigators (4, 7) ha\'e demonstrated the production of 
fruiting structures hy certain fungi Avhen stimulated by the presence of 
oilier fungi or bacteria, or tlieir extracts. Accordingly cultures of the gray- 
ear-rot fungus Avere seedt'd on corn-ineal-extract, oatmeal, potato-dextrose, 
and malt-extract agar indirect association Avith Diplodia z(ac (ScIiav.) Lev., 
i(iro,spora orifzac (Berk, and Br.) Petch, G-ibbi rdla zcae (8cliw.) Petch, 
(Mlbherella f ujikurot (Saw. ) \Vr., and Jlelminiki iurciciitn Pass. In 

another experiment tliese same fungi Avere groAvn in liipiid culture on malt 
extract, potato-dextros<‘ extract, corn-meal extract, and Ozapek’s medium. 
After 14 days these staled media avitc sterilized by passing through Seitz 
filters, added to licjuefled agar, }>oured in Petri dislies, and seeded Avith the 
gray-eai’-rot fungus. In both experiments the cultur(‘s were incubated in 
diffuse light at J'oom temperature (21° to 24° C.) for (> Avecks. Sponilatiou 
failed to oc'cur either in dire(q association Avith or on media staled by otiicr 
fungi. 

Natural sulistrates, including Avhole oats, Avhole wlieat, Avhole c‘>ivn. 
polished ri(M , coivn meal, oat straw, soybean .stems, carrot, green bean, and 
))otato tuber ])lugs, aa (‘re sterilized and s(*eded Avith tlie ear-rot fungus. Tliese 
eultures were in(‘>d>at(Hl in diffuse Hglit at room ttunperature. No fruiting 
strncturt^s A\ei*e ju'oduccd on any of tliese media, Avitli the exception of soy- 
iiean stems. On tlie soyb('an .stems the pyeuidiiini-like bodiixs, mentioned as 
occMirring on aged malt-(‘xtract agar and bearing rniniite nongerminating 
spurtvs, Avert' sparsely jirodm'ed. 

Young cultures ol‘ tiie gray-ear-rot fungus growing on potato-dextrose 
agar wt'rt' irradiated Avith ultraviolet light iu*ovided by a Cooper-Hewitt 
4 am))., })()() Avatt, D.P. laiii]). The eultures Avere held 37) cm. from the lamp 
and exposed, Avitlioiit filti'ation. from 10 to 240 seeonds. llyplial tip trans- 
ff'rs from tlie margins of the colonies treated for 10 to 180 seeonds greAv nor¬ 
mally. Transfers from colonies irradiated for 210 seconds ceased to grow 
24 hours after having l>een implanted on fresh agar. Transfers from cul- 
tnrt‘s exposed 240 seeonds failed to groAV. In none of tlie surviving cultiiiN's 
did spurnlation take place. 
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Kernels removed from diseased ears were held frozen in ice cubes for 
2 days to 4 weeks, after wliieh they were removed and planted in moist cham¬ 
bers or surface sterilized and plated on a^ar substrates. Portions of dis¬ 
eased ears were partially buried in sand in the <;reenhoiise. Some ot* tliese 
were kept eonstantly wet, others were alternately moistened and dried. 
Infected ears were placed on the surfa(?e of tlie soil out of doors for several 
moiitlis during- tlie winter and examined in the spring. None of these treat¬ 
ments of diseased host material stimulated formation of fruiting bodies. 

In view of tlie negative results obtained in attempts to imluce sporulation, 
so as to facilitate identification of the gray-ear-rot i'ungus, int(*nsive studies 
on this phase of the j)roblem were discontinued until further leads from field 
observations migiit come to light. Although fruiting structures were pro¬ 
duced in limited numbers on malt-extract agar and soybean stems, the failurt* 
of tlie spores to germinate preeluded completion ot‘ the life (*ycle of the 
fungus. 

THE OrrrRKENCK of IMIVSAlA)SI»OaA ZEAF STOUT IN INDIANA 

In September, 1943, leaves of eorn bearing relatively large lesions were 
found in widely seiiarated localities in the State. These lesions were tan to 
grayish brown and i-anged ITom 1 ; 2 in<*hes to 4 x 18 inches. Scattered over 
the surfaces of the lesions were nunierons small, black, erumpimt striicture.^s 
suggestive of some t>’pe of fruiting liody ( Kig. 1, 3 ). In sevm-al tiehls (‘xam- 
ined the tassels and flag leaves of some plants were lileaclKNl out and tlie 
tassel necks, or uppermost internodes immediately below the tassel, were 
inclined at an angle. Tlie bh'aehed eimditiou of tbt*se jiarts stood out in 
marked contrast to the green leaves and npriglit tass( is of healthy jilants. 
Some elliptical lesions on the tassel neeks were water-soaked while others 
wTre dry and gray-brown. Blaek strnctiires similar to those on tin* hsif 
lesions, were scattered over tlie suri'aces of dry lesions on the tassel necks. 

Examination in the laboratory showed these fruiting structures to be 
immature, but after 7 to 10 days in a moist (Oiamber, pycnidia and iMU-itbeeia 
matured. These fruiting structures were tentatively diaguosial as 
plunna zeae Tehon and Daniels, and riiysalospora ziae Stout. Ponijmrison.s 
witli the type speeimens of these fungi definitely proved the identity of (Ik* 
Indiana collections. ■ So far as can be determined this is the first rec<ird 
of these fungi in Indiana. 

In the lesions on tassel iie(*ks were a few pycnidiurn-like bodies bearing 
very small hyaline, single-cell, non-germiiiating spores. These bodies were 
similar to the structures that afipeared sparsely' in certain })ure cidtnres of 
tJie gray-ear-rot fungus. Tlieir ]»J-esencc on liost mat<*rial infected with 
Phy.^alospord zeae and also in pure cnltnres of the fungus, suggested that 
P. z.;ae and tlie gray-ear-rot pathogrn might he relaterl. 

Isolates derived from singh‘ pycnidiospores of Marntphoma zeae and IVom 
single ascos|>ores of Physalospora uac were strikingly similac, in enltiiral 

The writer jjidehtcd to Dr, Ij. K. 'J rdioii for tlu* prh'ilege of exaiiiiniiig 
of this matiMinl in tin; lierlniriuio of tlie lUiiwiis Xotnnil Mistorv Sin vj'v. 
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behavior, to eaeh other and also to isolates of the ).^ray-(*ar-rot fungus. 
Further observations on the sinjilarity in eolony eharacteristies and growth 
rate between M. zeae, P. zeae, and tlie ear-rot fungus were made on a number 
of agar substrates. On ?dl the media used, no differences among the three 
isolates were evident. The eharaeteristie growdh habits of the three isolates 



Fk;. 2. ron»[>:o*i.s<)u of Vhysalospora Macrophoma znir, and the gray-ear-rot 

fungus on four agar suhstrates. Columns, loft to right: P. "ono, M. and the gray- 

(‘.ar-rot fungus. Rows, top to hottoiu: Malt-oxtraot agar, potato-dextrose agar, corn-meal 
agar, and Czapek’s-solution agar. Cultures were 40 hours old and had been grown at 
roonj temperature, 2C’ to 24^ C. 

on four media are shown in figure 2. On potato-dextrose agar these isolates 
grew very rapidly and a eolony held at 21° to 24" 0. generally eovered the 
entire surface of the agar in a fi-cni. Petri dish within 48 hours. The my¬ 
celium of the young colony is white and of a loose, eottony texture. "Within 
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5 to 8 days, the sub-aerial niyeelium tiirus j^ray at tlie center of tlu* (*oIony; 
and in 14 days the entire colony, Avlien viewed from the bottom of the plate, 
be(‘omes a dark slate-j^ray. Later tlie aerial myc'clinm becomes projzressively 
darker and assumes a felty texture. 

Comparative jirowth rates of Macrophrnna .ifac, Physalusporn zcac, and 
the «i‘ray-ear-rot i)atlio<i:en were obtained on potato-dextrose aj^ar. Because 
of the relatively rapid growth rate of these isolates, special long tubes were 
constructed so that measurements of the dailv' growth of the fungus could 
be made. The tubes were approximately 15 inches long and eacdi was pro¬ 
vided with a depression in the glass on one si<le near the mouth. This de¬ 
pression served as a dam to hold back the melt(‘d agar until it solidified. 
These tubes [)rovided an agar surfaee about 12 inches long and I wide 
on whi(‘h the fungus could grow. Tubes were seeded in duplicate, each with 
a uniform amount of mycelium of one of tlu‘ three isolates, and incubated at 
21^ to 24'“'^ C. Twenty-four hours were allowed foi* the transfers to become 
established and then daily measurements were made of the growth www- 
ment. The mean daily growth increment, measured for 8 days, was 32.f) mm. 
for I\ :((i<\ 32.5 mm. for M. zear, and 32.4himi. for the gray-ear-rot fungus. 
This sinnlarity in growth rate among the tliree isolates is further suggestivt* 
of their relationship. 

In the rourse of studying Plnjxdlosiwra znn\ Mnvi'oph(nna z(<i( and the 
gray-ear-i’ot fungus, it frequently was round that colojiies (»eased growth 
24 to 3() hours after being transferred to fresh agar substrates in P(*ti‘i {dates. 
Sub-cultures from these colonies also faileil to grow. ' 

An experiment Avas set u]) to determiiu* thr‘ rate of loss of viability among 
different cultures and factors that might indueuce it. Several cidtures (►!■ 
each of the thr(H^ isolates Ave?-e gn-wu in P<‘tri ])lates on Cza{)ek\s-solution 
agar, Czapek's-solution agar [)lus 2 i)er rent autolyzed yeast, 2 per cent malt- 
extract agar, and potato-dextr(»se agar. The ndtures were rej>licat(*d (i times 
on each medium. Traiisfeivs from each young c(4ony Avere mad<‘ at 24-hou]* 
intervals to fresh plates of the respective agai*. 

BetAvecn the (Jth and 10th transfers, all cultures on those media sup]>ort- 
ing abundant and rapid groAvth, namely 2 per (*eiit malt-extract agar, jxdato- 
dextrose agar, and Czapek^s-solution agar plus 2 ])cr cent autolyzed yeast, 
had died. The cultures carried on CzapekVsolution agar, Avhert‘ groAvth 
Avas sparse and slow, maintained their viability tin-ougli 30 coiisecutiv(‘ daily 
transfers, after Avhich the experiment Avas discontinued. The rate of loss of 
viability appeared to be directly pro]»ortional to tin* rate of groAvth of the 
fungus. Isolates can be cari'ied on |)otato-dextrost‘ agar slants for indefinite 
periods, if they are not fre<|uently transferred. It may also be ])ointed ont 
that Macrophoma zme and Physalospura zau in liost tissues lose tbeir via¬ 
bility after 12 to 14 montiis Avlien stoi’ed at tenqxTatnres and Jinmidities 
(Munrnoiily enc(>vinter(‘d in laboratories. The gray-ear-rot fnngns, it has als<> 
been found, dit‘s in ears held oAer 1 year in tlie laboratory. 
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EVIOENTE OF TJIIO RELATIONSIIIJ> OF THE (JKAY-JOAK-ROT FUNOUS 
TO T»HYSALOSl"ORA ZEAE 

Tli(‘ marked simihiviiv' of Macropkoma zeae, Physalospora zeae, and the 
oroy-eai*-rot fnn^»'us in (‘ultiiral behavior, ji^rowtli rate, loss of viability, and 
th(‘ appearaiHM* of a i)resniriably nonfunctional fruitinf^’ structure in the life 
(•yt'l(*s of all three, stimulated further efforts to determine relationship more 
(‘oiu'liisively. 

Sinji'le pycindiospore (Miltures of Marrophonia zeac, single ascosj)ore eid- 
tiires of P/}}fs(il()spar(i irar, and mass ti'ansfers of the <»i*ay-ear-rot patlKM^en 
wMU’e s(*eded on sterilized whole wheat, polished rice, eorn meal, and (‘orn 
stalks. Suffieient water was added to j)rev(‘nt dryinji* out. The corn stalks 
W(‘i-e pla<‘ed in one-ipiart Mason jars, the other materials in 250-ml. Erlen- 
m(‘y(n* flasks. All (‘ultnres wei*e lield in a ”‘reenh(>us(^ wliere temperatures 
and li»»ht intensities vai‘i<‘d over wide ranjres. 

Aft(‘r about (> we(‘ks hlaek, sj)herieal bodies were found on tlie surfaces 
of th(‘ corn stalks. Many of these ap})eared to have burst, revealing masses 
of Avhit<* |)S(‘ndonaren('hymatons tissue. NoJie of the unbroken structures 
(*ontaiin‘d spores. At the end of 4 months (danuary to April) mature pyi'- 
nidia were first observ(‘d. Thes(^ appeared in all cultures on the sterilized 
(‘oi’ii stalks ( Fig, d, F). Xo fruiting bodies Avere observed on the other sub- 
sti’ates. (dos(‘ (examination and uu'asurement of the “second gencratioiF’ 
pycnidiosj)oi'es rev(‘aled that in size, sha])(‘, and color they Avere indistin> 
<piishahh‘ from the spores of Macraphinud zcac found Oii host material col- 
l(^‘t('d in the ti(‘ld. Isolat(‘s fi*om tlnNe py(‘iddios}>ores grown in pure cidtuiv* 
wert' identi('al iji cultural behavior and growth rate Avith cultures of M. zn!(\ 
Phifsalospora Z((H , and mass isolat('s from kernels of diseased cars. 

Th(' dev<*lo[)ment, in i>ure ('ulturt*, of pyenidiospores from isolates origi¬ 
nating fi’om singh* ascos])or('s of Phifsahtspora zrar ajApears to be aderpiate 
evidiUKM* that P. zcai and Mucrdplunnn zcac are the sexual and asi^xiial ]Ahases 
of th(‘ v;nne fungus. The production of these ])y(mi(liosp(Ares, in ])ure cul¬ 
ture, fi-om isolates derivtMl from the gi-ay-ear-rot fungus demonstrates rather 
(M>nclusively that the her(‘tofoi*e unidfuitified ear rot is caused by M. zcac. 

Furtlun* (*videnc(‘ of the identity of the ear-rot indhogmi Avas provided by 
inoculation of (*orn (*ai’s in the field. Inoculum Avas jAreiAaivd from young 
eultur(‘s nf Mdcniphonui :t a(\ PJi i/sahtspaya :rr/r , and isolatt‘s from iid>ctt*d 
(NH's by macerating the mycelium from (Tudi and susp(mding the liyphal frag- 
ni(*uts in water. Inoculum was similarly pre])ared from cultures grown from 
“se(*ond generation'’ |)ycnidiosporx*s. Each of tin* sus})ensions derived from 
th(^ souriMS des(M*ibed AV(M*e inje<ded, by means of a hypodermic needle, iido 
dO to ()0 ears of a single-tM'oss hybrid on August 1944, one Aveek after the 
hybrid came into full silk. Final (examination of the iuoculat(^d ears was 
appi'oximately 80 days later, 

Tnf(‘ction followed all imxndations and no diffei-imces Avere observable in 
tin* sA’mptoms produ<'('d. Thte sym]>toms on artiti<*ially ino(Mdate(l ears AA’cre 
indistinguishabh* from those* tni naturally iide(‘ted ears. 
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THE CLAUSAL IT^NOITS 

In 1927 Tehon and Daniels (11) adequately described Macrophoma zear 
and the leaf symptoms produced by the fungus. The measurements and 
descriptions given by tliese authors are: Pyciiidia round to oval or e\(*ii 
lenticular in cross section, splierical to apidanate in huigitudinal section, 
developing in and occupying the mesopliyll, membranous becoming car- 
boMOus with age, 65-120 q in diameter; ostiole protruding hypopliyllously, 
usually through a stoma, nonrostrate, oval, 28 -‘15 \ 15-17 p. 8[>ores <'ou- 
tinuous, hyaline to greenish, fusiform, 17-31 6.5-8.5 q. 

The measurements of material collected in Indiana (Fig. 3, B, D) are 
asfollow\s: Pyciiidia round to oval, 75-150 q in diameter, found in the meso- 



Fig. 3. Fruiting bodies and spore forms ot J‘hii.siihi.sp(ini . .V. .Vsci ami as<'o 

si'ores, xir>0. B. A crushed p^cnidium showing pycnidiospores, • Uio. (\ Ooss s<'ction 
of a cluster of pyciiidium-like structures produced on malt-cxtruct ngnr, > ir>. D. 
iiLdiospores, x 200. E. Mature pycnidia on the surface of a corn stalk in pure culture, •* 2. 
F, Burface view of an infected tassel after 10 days in a moist chfimber, sliowiiig (levelo})- 
ment of pycnidium-like structures, x 0. G. Pycnidium like structure dissectrd out of host 
.tissue, X 25. H. Nongemiinating mierospores (stained ), - 400. 

phyll, carboiious, and ostiole protrudiiijx liypoidiyllously. Spores 1-eell, oval 
to fusiform, hyaline 1o dilute jjreenisli amber. 15-38 • 7 14 n (mean - 27.1 : 
10.2 (j). The differences noted here between the Indiana material and that 
of the original description are very small and may he accounted for by the 
normal variation expected. 

Stout (10) in 1930 described Phifmlosfma and the symptoms it |iro- 
duces on corn leaves. He observed the association between P. -cai' and 
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Macrophiyma zeac in the same lesion and suj*:j^ested that they may be perfect 
ami imperfect sta*;:es. No enltnral experiments were done to prove this con¬ 
nection definitely. The measurements and descndptions given by Stout for 
P. zcae are as follows: 

Perithecia located in mesophyll, opening by a minutely papillate ostiole, 
externally earbonous, globose, 75-235 |^i in diametei*. Asci cylindrical, 
straight to curved, stalked, donble-walled, outer wall thickened especially at 
the apex, 85-150 x 13 22 Paraphyses obscure, hyaline, filamentous. Spores 
S p(n* ascus, arranged sub-biseriately, liyaline to very dilute olivaceous, 1-cell, 
narrow ellipsoid, 19-25 x ().5~8 n. 

Tlie Indiana matei’ial (Fig. 3, A) had tlie following characters: Peri- 
the(na developed in im'sophyll and protruding by a short neck, earbonous, 
globose, 80-250 p in diametei*. Asci cylindrical to long clavate, hyaline, 
double-walled, outer wall thickened at the aiiex, 8-spore, but occasionally 
4- to t)-s|)ore, 90-175 12-18 [i. Paraphyses sparse, hyaline, filamentous, 

apparently branched. Spores narrow ellipsoid, tapering to narrow rounded 
(‘lids, hyaiine to very dilute amber, arranged ()bli(|uely in a sub-biseriate 
order in the asciis, 21-33 8-11 p (mean 26.8 > 10.0 p). 

The iiycnidia prodiu^ed in jiure cullure from isolates derived from single 
l>y(*nidi()spores of Marroplunna irdc, single ascospores of Phifsaloi^pora z<a(\ 
and from mass isolates from diseased k(‘rnels dilfer(‘d in certain resx>ects 
from thos(* oeeiirring on host leaves. In pure ciilture the })ycnidia were pro¬ 
duced iji clusters on llie sui'face of the substrate (Fig. 3, E). In nature tlie 
jiycvnidia are scattered and sub-e])idermal, with only short necks protruding. 
It is interesting to note in this (‘onneedion that Nisliikado (8) was able to 
grow jiycnidia of M. )‘(iiIfonnis ( V'ialo and Kavaz) (^av. in pure culture, and 
observed a ditferema* in gi’owtii habit and structure from those arising in 
nature on in feet (*d host tissue. This autlior points out. however, that |)ye- 
nidiosjiores develoiied in pure culture were iihmtical with those found in 
nature. The “sec^ond geniM-ation ” pyeiiidiospores of M, zcae grown in pure 
culture corn‘s|)onded very closely in all respects to those occurring on dis¬ 
eased leaver in the field. Th<‘ s]>ores measin*ed 14-33 ; 8.7-14 p, with mean 
of 26.2 . 10.6 p. 

Tht‘ py(*nidium-like strm-tures occurring on host material in the lield 
i Fig. 3, F, (i) may la* described as follows: Pycnidia occurring in mesopliyll, 
( arhonous, gloliose, 150 250 p in diametiu*, protruding witli a long neck, 
sometimes bifureatc and rarely trifurcate, Microspoi-es numerous, hyaline, 
1-eell, 2-4,8 ; 1-2 p (inean - 4.0 1.6 p), exuded in droplets of a hyaline 

mucous-like matrix, nougermiuating (Fig. 3, II). 

Tlie structur(‘s (uMuirriug in j^urt* culture on aged 2 per cent malt-extraet 
agar and on sterilized soybean stems AV(*re slightly different (Fig. 3, C). 
These were found in clusters on tin* surface of tin* substrate and were with¬ 
out the ])romiu(‘nt necks found in nature. The size, shape, ancl color of tlie 
microspor(*s, as well as tlie charaeteristie of failing to germinate, were the 
same as those found on host material. The difference's between these bodies 
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as developed in j>iire eidture aiul as found on tlie host ai'e of the same order 
as tliose between the fiiuctioual pyenidia found in pure eulture and those 
foujid on leaves in the field. 

It appears reasonable to (ionelude that tliese striu'tures are a spore form 
in the life (*yele of PhysaloHpora zeu<\ sinee tlun' were found both in [nire eul- 
tiire and oji eolleetions ol‘ host material. Beeause tlie spores did not ”‘ermi- 
nate, eontinued observation on the life eyele, usin^- these si)ores as a |)oint 
of origin, has thus far been impossibh*. and the eonteiition that they are a 
l>art of the life eyele eannot be ii-refutably ])roved. 

Preliminary oi)servations on these apjmrently nonfunetional pyeni<lia 
indi(‘ate that environment may ]>lay an im]>ortant part in determininjz their 
abundance. AVhen host material was kept constantly wet in a moist (‘hamlan* 
and under low li^ht intensities f<*w ot tliese struetuivs were prodiu*ed. Winni 
material from the same lesion was jvlaeed in a moist I'hamher, in a orecnihonsc 
where dryin;^' out of the (diamber fr<‘<jnent 1\' took place and li^ht intensity 
was hi‘.‘'h, lart»’e nnmhers of these bodies were produ(M‘d and functional pyc- 
ni<lia and perithecia develojied only sjair.H'ly. 


l)|S('t’SSl(»\ 

(lra\- ear rot has occnriMnl s|)arsely in Indiana since Pldlt and spe^'imens 
have been collected in otlier sections of the Porn Ihdt. In 1044 the ^rray ear 
rot was widely distributed in the southern ami east-(M‘ntraI areas of tli(‘ Stat<‘ 
where, in some localities, its prevalence ranji-ed u}) to as liijj'h as 10 pei* cent. 

The eeooj-apliii'al ran<i(‘of the diseasi* is tinknown. Init it sr'enis likely that 
it will be found scattered ovtvr an appreciable ])orti<in of Eastern Pnited 
States. Ho|)j>e i o) has rc'portcd annually nii tlie I’clative pi’cvalence and 
.t!'i‘oj’raphical distrilmtion of eoiai ear r<»ts for the j>m*iod from Pkkl to l!t42. 
ill these reports he ('ited a nonspornlatin<i nnidmitdied fungus which oc('a 
sionall\' rea<'hed a(ipi'cciahiy hi?_di pt'rcentaLi'es in samples of corn colI(*cted 
from terminal markiMs oii tln‘ Atlantic Seaboard, ih* also n‘porled this 
fun<»‘us in corn sam])les from the Porn ihdt and a few Southmm States. 
Pnltnr(‘s of this fnncus and of l^hifsuhtspinit irth hax'c ht^m exidiaimed with 
ITojipe and hav(‘ beivn found to l>e v<*ry similar in a|)|>earance and growth 
ra1<‘. AVhile cultural behavior cannot lie emidoyed as iiositive evidence that 
the fiiniius isolated hy IIo])j»e is P. :(a(. yet the similarity is sn.tiv.'iNtiv(‘. 

In Pk‘k‘1 Eddinsand \d>orh(‘es (.‘1) I'cported J*ltffstflnspryt'd irit'fthi Ell. and 
Ev., the ]>erf(‘ct sta^e of l)ipf f(/lii [naia nli Ell. and lA ., as a patho;.:t‘n of 
eoiMi ears and stalks. This or‘»-anism ditfers ilistimdly from l\ mu in the 
synijdotns it jirodnccs on <'at*s aud in its morphology. The as<'i of /^ icicohi 
measure Mo 140 • 10-111 p, the as<‘os])ores PP27 • <>11 p. 'flie as(*xnal stapes 
of these si'eeies ar<* strikinp:ly diff<n*ent from ea<di other. Tin* |>yenidiospori‘s 
ot J). tninunff are dark, striate, atid 2-ee]|; tliose of MavrfjpiKJutd zaiv ari* 
livaline, smooth-wall, and 1-eelJ. 

Tin* assotdation of the jirenns Plnfsalosjjani with asexual stapes in the 
penns Marrophonta has been ])ointed out in a number of instanees. Bonar 
( 2), by means of (odtiiJ-al ex|)eriment, demonsirat<‘d tlie eonneetion Ixdwiam 
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I\ i/icis (8(*li]ei(4ier) SacM‘. mikI M. Hicdla (Sacc. and Penz.) Berl. and Yogi. 
Nose ( 9) proved M, kuwatsHkaii Hara to be tPe pycnidial stage of P. piricola 
Nose. 

The role, if any, of tlie niieroc'onidia found in Physalospora zeae is un¬ 
known. Although all attenij)ts to geruiinate tliese spores in ^vater or nutri¬ 
ent solution have been unsueeessl'ul, it is possible tliat they may serve as 
si)(‘nnatia and are able to fertilize receptive bodies, as yet unobserved, that 
continue their develo|)ment as as(‘oearj)s. On the other hand, they may have 
served as a fei-tilizing organ which, iji the course of evolution of the si)ecies, 
lias lost its function and is unnecessary for the ])ropagation of the fungus. 
It is interesting to note that Jaczewski (fij mentions the presence of inicro- 
eonidia (r)- r).r) 0.5 0.7 p) in P. hnccat Cav. and their failure to germinate. 
II<‘ considers these s|)oi‘es of doubtful significance in the spread of the 
fungus. lUmsaude (1), on the otlier hand, was able to germinate the micro- 
vonidia of this fungus and grow normal cultures from them. These cultures 
pivKlrieed macroc'onidia similar to those encountered on the infected host. 

Tile factors fa'/oi-ing spread and dev(‘lopment of gray ear rot are not well 
nuderstuod at tlie present time. During 1944, wlien the disease reached the 
highest prevah'iice yet oliserved, weather conditions were generally dry 
throughout mid-summer. In those areas where the disease occurred in 
greatest abundance, apprci'iahle rain fell during the latter half of August. 
It is possible that the summer drought favored conservation of inoculum 
until after silking when (‘ars were in a receptive stag(‘ for infection. Further 
studies are needed to determine more precisely the factors iiiflueneing the 
pr(^valcnct‘ of both tin* ear I'ot and leaf blight phases of this disease. It is 
nnkiioNMi whether overwintei’ing inocnlnm on the leaves is delayed in matur¬ 
ing until eai's aia* formed or whether 2 generations of spores are produced, 
the s(*('(>nd of whi(di infects the ears. It seems reasonable that the (diief 
source of inocnlnm infecting ears arises from leaf infections, either tliose of 
the pr<‘\ ions year or of the current season. Kvidence to this (‘tfcct Avas seen 
in 1944 in a tiidd in A\ hi(di 10 ])er cent or more of the ears Avei-e diseased. In 
XoAcniber this held had an abundance of infected leaves bearing immature 
perilhecia and iiA cnidia. 

No control for the iliseasc t-an be suggested at this time, other than the 
plowing under ol‘ infected coimi r(‘sidues. This method of control Avould be 
ctfectiAC only if it wen* practiced by whole communities, since spread of the 
fungus (‘an cotu'eivably take place luisily from field to field. If a means Avere 
lunovn of prodmung large* Aailumcs of spores in pure cidture, some progress 
might be niaeh* in dilfei’entiatiug resistant and susceptible inbred lines under 
conditions of artificially induced epidemics, riuler the present circum¬ 
stances, oliservation on the relative i-esistan(*e of inbred lines and hylirids 
Avill hav(‘ to be made under (‘oiiditions of natural infeetion. 

SUM MARY 

ddie occui-rence of an (‘ar rot of corn. h(*retofoj’e unidentified, is reported 
and its symptoms des(*rib(Hl in detail. A common name, gray ear rot, is sug- 
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gested, it being’ deseriplive ot* tlie gray color of tbe livisks and the pith of 
the cob. 

Experiiiients wert! designed to induce the fungus assoidated with gray 
ear rot to sporulate in pure (*ulture in order to facilitate proper identification. 

In Indiana Phzcar occurs on corn leaves and on upper inter¬ 
nodes of the stalk below the tassel. P. wav and the gray-ear-rot fungus 
resembled each other in cultui'al behavior, growth i*ate, and loss of viability 
in culture and in specimens of host material. 

(Cultures of tin* gray-ear-rot fungus and of Phijsulospora zvav grown on 
sterile corn stalks ])roduced ])ycnidia and pycnidiospores identical with those 
of Macvophotaa zvav, strongly suggesting that the gray-ear-rot pathogen is 
M. zvav, and that the latter is the asexual stage of P. zvav. 

P^urther eviden(*e of this relationshi}) was obtaiinal in field inoculations 
of corn ears, in whicli symptoms caused by Plnfsalosjfara zcae were indistin¬ 
guishable from those develo])e(l oji ears artificially imunilated with Macro- 
phoma zvav or with isolates from naturally infci-ted eai’s. 

A third, heretofore unrecogniz(*d, ])yccidium-like fruiting structure, is 
believed to be a stage in the life lyclc of Phpsahfspara zvav. 

Tin* distril)ution of the disease, factors atfecting its ])revah‘nce and 
severity, and the relationship of tin* rungus whi('li causes it to othej* s])ecies 
of PJiifsaJospara are discussed. 

No control for the disease is sugg<*sted. other than ('l(*an cultural practices. 

PrimrE rNiVKKsiTv Aimniu/ri aAi. Kxpkkimkn't Station 
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A NKW ilYPHOMYl^ETE PARASITIC OX A SPECIES 
OP NEMATODE 


C! Jt A R L K S .1) K K c n s I. K H 1 
( Ai*c<‘j)tea for puMicatiou October 1, 1945) 


111 a pajiiT ])ul)lis}n*(l in 1941 (2), 1 (lescribed ns ntAv 10 iieinatode- 
destroyinfj: liyi)lioniy(*(‘les ioniid in leal* mold and other deeayinj*’ 

vef^etahle materials oi-i^iiialin;/ from several loeaiities in Maryland, Virginia, 
and Wiseonsin. Tliongh these fungi and their biologieal relationshijis are 
not visible by dire(d examination of the oiiarjiie natural materials, they could 
be studied quite (‘onveniently in transparent maize-meal-agar (•ultures which, 
after laving ])enneate<l with Pffthrutn mycelium, had been further planted 
with small quantities of tlu‘ |)artly decomposed detritus harboring the fungi. 
They all o])erate in a tyj>i«*ally parasitic rather than ))i'edaceous manner: 
their conidia become affixed externally to the host eelworms by adhesion, 
and then individually thrust a gt*rm tube through the int(*gument to invade 
the tleshv' interior with an assimilative mycelium. Tlie 4 species ])resented 
under the liinmnials Acrnsfulafjtmts hdcfrosporus, .1. obo/v/Oc*?, Ccphalo- 
sittinmn hahi Hauh s, and Spl(‘<tri(i rnrco.spora closely resemble the insect para¬ 
sites assigned to the same genera, except that their disjday of re])roductive 
parts is far less luxuriant, owing to the much smaller size of the animals 
sei’ving them as hosts. There is good reason to hold that thfvse 4 species are 
intimat(‘ly r(*lated to the series of ♦Mitomogeiu)Us forms distributed among 
A(‘i’ost(ihi(fiHi(s^ (% phdluspifriifHt, Spicund, and such idlied genera as Verfi- 
rillii(i}iJ'f(i(l(thoirninnr(i\u\ lUnun rid. They would seem tridy kindred taxo- 
munically to the specit‘s of lint did rid ami *Sphv7r/V/, for example, which 
because of vlestructi\eiies^ to the mai/e borer (4j, the niaiz(‘ earworm (1), 
the juue bark beetle and various rim insects (o', have in recent tini(‘s 
ree<*i\ed attention in the jaigc's of tliis journal. 

A tifth ntunatode-deslroving hyphomycete of sindlar kinshi}) develoi)ed 
abundantly in more than a dozen maize-meal-agar plate cultures that alter 
being overgi’own with myrelium of /b///na/a dltudddi Trow had been lurther 
]dante<l \\ ith small <jtiant iti<‘s of |>artly decayed crabgrass ^Dupidriu sdiujdi- 
ddhs I L.! Scop.) refuse rolleeted fi'»>m st*veral wee<i ]>iles near a community 
v(‘getiild(‘ garden in Arlington. \ irginia. on Api'il 2-), 11144. Althotigh sev¬ 


eral s|>e(*ies of nematodes piMvsent m the decaying reluse nudtiplied Ireely 
in the (-ultures, tin* fungus apparently restricted its attack to eelworms be¬ 
longing to a suiglt' sp(N*ies, wliit'h llr. (1, Steinei* has kindl\ identified as 
Pdddprold>Ntds sdh< lodpdtds t (’obb) Thorm*. Orowth ot tlu' paiasite A\ithiii 
infected sju-cimmis »M)uld not be iollowed s\u‘ct‘ssiull^ ^^hile invasion v\as 
lirogressing*, as all Hesliy host structures, exce]>t the couspicuouslv lesistant 
oesophagurand o(‘sophageal bulb, soon undergo glolndiferous degeneration 


> P.Mthologist. Division ot‘ Fruit urid Vrgcl;il)l(- Froi>s ;oi(l Discasps Hureaii of Flaiit 
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iiiul thei*(‘by ofler ()j)ti(*al difficiijties tluit prove all tlie more troublesome sinee 
the eontiMits ol the youn^ liyphae are likewise proTiouneedly fi:lobulirer()us. 
Alter the host contents, apart iTom the rather slowly evanescent oesophagus 
and bidb, have l)e(*ji larj^cly assimilated by the fungus, and liave been utilized 
lor the prodiudion extei*nally ot* conidiophorous filaments (Fiji*. 1, A, a, b; 
Ik a ; (A a, b; I), a-c), the assimilative mycelium is more clearly discernible. 
In small eel worms it may (*onsist only ol* a sinjile axial filament extendinji* 
ironi head to tail, tojiether with halt* a dozen branches ot* variable lenjrths 
\^Fiji*. 1, A). Animals ol <»reater dimensions show ('orrespondinj»ly more 
j)rotuse hyphal developnomt ( Fiji’. 1, 11, (■). thoimh in these also the ta|>eriii<i‘ 
tail is usuallx' occupied l)y oidy a sinjile filament ( Fig’. 1, 1)). As lon<»‘ as the 
hy|)hae remain densely tille<l with jilobulose contents lew cross-walls can be 
s(‘en iit them (Fiji’. 1, ('). It is unctvrtain wlu^ther at this stajic cross-walls 
are actually lew or wh<‘tlier tlnw are in larjic ]>art obscured owiiij*’ to the 
natu!-e ot tlu^ |)rotoj)lasm whei-ein they are inniKM’sed. At all events, after 
the hyphal (‘ont(*nts have siilferi'd soim* i‘edii(*tion in density from the con¬ 
tinuous transf(‘r of substauee i-e(piii*(‘d lor formation of conidial ai)paratus, 
partitions may la* distine'nishe<l at fairly close intervals ( Fijr. 1, A, B). 
Itefoi’c loiiii'. further- transIVr of substance (‘iitails complete withdrawal of 
contents from terminal seji’menis of the mycelium (Fiji. 1, A. B), and there¬ 
upon t‘\’acuation of other scjiinents proce(‘ds until the empty liost intepTimcnt 
surrounds onl\’ the (M|ually (‘mptx* and rajudly evanescejit envelopes of tlu^ 
assimilative lilaments. 

As in allied forms the i-haractcr of the conidial a|)]>aratus prodm-ed by 
the funiius is uireatl\' intbu‘ni-<Ml by positional relationships to the substratum. 
In instances wh(‘re tin* animal host has succtimbed on the surface of the sub¬ 
stratum tlu‘ (-onitlioplau'oiis hyphae nifiv at onc<‘ jirow cj-ectly or ascendinjily 
into the air ( Fiji'. 1, A. a, b; 1). a; F) ; oi* they may jirow t^roeumbently for 
some distance, and then c(»ntinue their further jifowth ascendinjily (Fiji*. 1, 
(\ a. b) ; or. airain, th(*y may <*onclude tlunr jifowth while still ])rocund>ent 
thr(Miji’hout their lenjith i h iii’. 1, 1>. a; D. b, c). In instances where tin* ani¬ 
mal host has stucumbed under the substratum, but not in a deejily sub- 
mcrjii‘d position, the conidiophorous hyj>hae usually make their way to the 
surfa(-<‘. often by widely divei-jicnt paths, befort* jiivinji rise to conidiiferous 
braiK-hes, or phialiilcs, from their prostrati* or their ascetidinji |)rolonji'ations. 
Where. ho\\('\er. tin* animal has succumbed deej> undei- the snbstratinn tin* 
conidiophorous hyphae mostly fail to rea(-h tin* surlai-e. and will tln‘n jiive 
ris(‘ to phiali<l(*s in sul)merji'ed })ositi(»ns. Submerji’i'd and prostrate portions 
of conidi<,>phoriuis hyphae show jifuerally a rather wi(h‘ly spaced arranji’O- 
ment of ])hialides; many (h* the sejiinents here l>(*inji’ sterile, nUiny others 
bearinji <ady a sinjih* i)hialid<* (Fiji*. 1, B, a; C, b; E, a-e), and few bearinji* 
as many as 2 phialides (Fiji*. 1, E. f, ji*). In tin* ascendinji portions of 
coni(iioj)horous hy|>lun*. on the other hand, virtually all sejiriients are i(‘rtilc. 
with man\’ of them bt'arinji* 2 or d phialides. 

For tin* most ])art the phialides are of the familiar flask-.shaj)e typo that 
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taper off distaJlv into a single steri^nia 1, C, a, b; E, a-"<»•). However, 

instances in whieli they support plural steri<*:niata are not altog:etber infre¬ 
quent (Pi^'. 1, A, u~z; ]), Av-z; (i; H, a-c)- In such instances 2 ( Piji. 1, 
D, w), 3 (Pijr. 1, D, z), or 4 (Pia. 1. G) steriginata often project separately 
from the same ceJl, and must have Ikmui put forth independently of one 
another; but often, again, a raehiforni arrangement of sterigmatic tips gives 
evidence tluit an apical sterigma. after abstricting some conidia, grew out 
beloAv its apex to form a second sporogenous ti|) (Pig. 1, I), x, y), whirli in 
turn gave rise to a third (Pig. h H, a) and ]>(»ssibly, on repetition of the 
process, to a fourth and a fffth sporogenous tip (Pig. 1, A, v). Prequently 
Avhere i)lural sterigrnata of separate origin are pr(‘sent, some may remain 
simple while o]ie oi* more of the others undergo successive Beauveria-like |»ro- 
longation (Pig. ], A. u, w, x; G; H, b); so that in the end the phialide may 
offer a rather i)roiiiiscuously ap|>endaged aspect suggestive of the phial ides 
figur(*d by Fetch (7) for liis ('fadohotrjfum ovaUsponnn. 

It may be presumed that ])hialides with multii>le sterigrnata are generally 
somewliat more prolific- than those of unita ry make-ui>. The latter, as a rule, 
abstrict 5 to lb conidia, wliic-h remain attached in a cohering cluster ( Fig. 
1, I). Clusters formed aloft in the air disintegrate wlnm the structures sut>- 
porting them finally collapse; tlu* s|)ores then are left strewn about on the 
substratum, ready to adhere apically to an.v specinimi of tlie host nematodt' 
that may visit tlie seeded an‘a. They rec-all rather strongly the conidia of 
Cr/)h(iJosj)orit(tn haJanoidc.s, being similarly flattt‘m‘d, at tin* broad distal t-ml 
and rounded at the narrower ])roximal end, but owing to tht*ir greater b*ngt}i, 
they sliOAV in longitudinal })rofih* (Pig. 1, d. K) less i‘(*semblan(*«* to an a«'orn 
than to a maize {Zra maps Ij.) kernel. A term compounded i!i i»art of tin* 
generic name of maize* is accordingly adopted as an a|)proj)riate ei)itln‘t foi* 
tlie fungus. In view of its frccpicutiy liVieral proiluction of as<*ending 
conidiophorous hyjihae, the sj)ecies i.s assigned to Acr<Kst(do(inii(s, though its 
varied expression of reproductive habit might be more fully taken into 
account by resorting to the douhh* citation C(plialosporiKhi (Arrostah/ti- 
7iif(s) ” preferred liy Ih*tch Mi t in naming related entomogenous forms. 

A.crfjsi(d(u/iin(s zeosporus sp nov. 

Mvcclium iKii riiiini iiic'dloi wt liiu. rni.iosuni, sdptntuni. iulr.i vrrmk'uln.s iu*rn:n<*i«irds 
vivciitcs cVdlutuiM, ill }iv)aiis --ii g « r;issis rojistans. Ilyplijir fcrtilc's extra anin»;tl 
i inortmim cvolutiu-, icibbulc in inatcvia Mniiiuil amhic'iile Diiiiiiiio iminersne Heel siu'piii" 
inagiiji parte rcpciites vcl a^^•clM^c•^(^’'i. liyaJiiiad, vulgct simjiliccs sed Kuiiindc* rauicsdr. 
tO—.‘too a longac*, pleriOiKpic l.S-.'J rrasNar*, in ccliulis plnriniMpii* a ‘J.'i p longis (MULstanO s, 
plerisqm; cellllli^ 1-3 raniulo.s i-onidifrros .-nrsimi tV*rciitcs; raimiliH conidiO'ris (plnalis) 
vulgo lagi‘'!tiifornijljus, p loiigis. p crassis, pldniiiKpii* sm-smii in unico stcrignian 

O.e 0.8 p crasso abeuntiliiis ct "—I.') i-onidia gign«*nti!»UH, qiiandoipir t.'nnm L* 4 sterigmat»*s 
c.x: ventre proferentibn.s; sterigniatibns ijuambxan* propc tipicriii dnincdps re]mllnlautibus 
ad modum lieauveriae; eonidiis ])rinio eohaererititni.s, ronlinuis, ineoloratis, iiivnisinn 
elongato-miciforniibuH, a]»irc alicpiid conipl;matis, (b'nrsiiin attenuatis, basi rotundativ. 
plcniirique ‘i.a-d.O p longis, 1.7 -lM p crassis. 

Panaf/roUiiniiini subchiiujdt n m nernris baintat in fuliis (•;Milibiis(pic Ifif/lfaritn Mutihn- 
nalir, piirresecDtibii.s in Arlington. Virginia. 

As.'iinijlative inyi-elium cnlorlcs.s. l»raiM'b'‘d :«t niodiM.atc inten.Mls, siqdate, growing 
wiiliiii living n(*niatod(*s, coinp<iscd ot* fi l.anuntous hypliae '2 to dp wiilo. < Vmidiopliojons 
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li_\[»lia€* d(*volopod outsidi* of dond aiiimal host, sonu'tiincs iniiM(*i*s<*d oiitirolv in the sut- 
nmndiii|( materml, ]»ut m(»ro often largely prostrate or aseendiiig, eolorless, eominonly 
iiahnuielied biit^oceaHioiially }>raiiehed, 10 to :»00 lon^, often 1.8 to .‘ip, wide, consisting 
tO cells mostly 5 to 2;) p long, the terniinal one, often 2r> p Jong and as little as 1.5 p wide, 
abstricting conidia at its naiioiv aj)<‘x, the otln*rs mostly hearing 1 to .‘i conidiiferous 
hninchos (phialides) at the forward end: conidiiferous i)r;niches (phialides) commonly 
llask shaped, 5 to 20 p long, 2.5 to 4 p wide, mostly nlistricting 5 to 15 conidia from a single 
terminal sterigma, hut occasionally putting forth 2 to 4 seijaratc sterigmata; the sterig- 
jnata whether present singly (»r [)luraily sometimes through successive suhapical elongation 
forming one or more additional sjnnogerjons tips in zigzag arrangement; conidia first 
rohering in a cluster, eontinuons, colorless, inversely elongate-iuicifonii, somewlmt flat¬ 
tened at th(‘ dist.al end, narrowing dowjiward, rounded at the proximal end, mostly 3.5 to 
4.t5 p hmg and 1.7 to 2.1 p wide. 

Parasitizing JMndijrohiimuH .snhdoHffotus it oe<*nrs in decaying leaves and stems of 
lti(jH(irui satiftnitinlis' in Arlington, Virginia. 


In connoction with IIh* inorjihoiogical tnideneies evident in the new spe- 
it ina\’ be apirropriate to mention here that more than half a eentury 
ago a mold very similar to liotii/tis ( now Beaurfria) ba^^kina was briefly 
noted by Z(»|)l' (H. |). ddO) among several ruiigi he had observed eausing 
nematode dis(^ast*s. 
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THE EFFECTS OF SOIL MOISTURE AND TEMirERATUKE ON 
FUSARIUM WILT OF TOM ATO 


AI . C . S T R O \ (J 1 
(for piiitlirntioii Ool<»l)or 1, lUl'ij 

J)uriii<»' a ten-year study of the Fnsariuiu wilt disease of tomato in eon- 
neotion with a breedin.i»: projirain for the prodindion of wilt-resistant varie¬ 
ties, and the testing (d‘ wilt resistanee in various ('ommereial varieties, the 
author observed that John Baer, a snseeptibh* variety, ami Mar^lobi*, a 
resistant variety, seemed to differ in their responses to eliinatolo^it^al I'on- 
ditions as related to snsee|)tibility to this dis(‘ase. 


IMiKLI M IXAKV UKSl’l/rs 

Tlie method employed in these wilt-resistanee 1(‘sts has been desiMabetl in 
detail elsewhere (18). John Baer and Mar^dobe wen* test(*d in the wilt- 
infested field eaeh season for eomparison wi Ji the s(‘leetions. The same seed 
stoelv of these eommereial varieti(*s was ns<*d eac'h sear. When tlie wilt 
r(*eords of tliese two varieties for the ten-year period wei-e eonii>ared with 
seasonal temperatnrt* and rainfall reeoi-ds of the V. S. Weather Bnr«*an. a 
very definite relationship between ineidene<‘ of wilt and soil moisture was 
indicated that could hardly be coificidental. The ^laph in ti'.uire 1 siiows 
the coinparisoii between the w(‘ather data and the wilt j’ei-ords obtaine<l in 
the field tests. 

With the exception of 11)83, there was more wilt infr-tion in John Baer 
in seasons of j^reater rainfall and les> wilt infection when theia* was less rain¬ 
fall. However, just the revoTse efl'ect secmis to (x/enr with Mar<rlobe, /.f 
there was a greater incideiiee of wilt in seasons of h‘ss raintall and less wilt 
in seasons of greater rainfall. There appeai'cd 1<> be no ])artienlar coi’n'la 
tion between air temperature and wilt. 


UKVIFAV OP laTEKATPHI': 

This preliminary observaticm is not wliolly in aeeord with that of Hum¬ 
bert (7) and others who state that Fnsarinm wilt of tomato is favonul by 
dry, hot weather. In an effort to determim* whetlier or not the apparently 
Oj)posite responses in wilt susceptibility of these two varieties to raiiifall as 
indicated in figure 1 uer<‘ actual, some tests at constant soil teinpcj-atiuT and 
moisture levels were* undei-tak(m. 

The relationships between soil temperatuiT and tomato wilt and l)etw(*en 
temperature and tlie growth of tlie (aiusal organism have been well investi¬ 
gated, but little attention lias been devoted to a study of* the soil moistnn* 
relations of this disease. As early as lf)20, Edgerton and Moreland (8) 
deteimiiied the optiinnm temperature for the growth of this fungus. In 

l EeRcareli Assistant in PJant Pathology. IVpt. of Itotany and Plant Pathology, 
M.if'l»ig?oi State College. 
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3927, Wiiite (18) rejxrrted the optiiinini growtli temperatui*e of nuniy differ- 
eiit isolaiits tx) rari^^e from 24"’ to 28^" (\, and in 1928, Haymaker (6) stated 
that a soil temj)eratiire of 28'^ C. was o|)timum for botli the prrowtli of the 
fiuijius and the developimmt of the disease. Flaytoii (3) found that the 
()|)tiinrim soil temperature for the development of wilt was 28"^ C. and the 
()j)timiini air temperature was from 27° to 35° C. 


4 10* F. 


NORMAL TEMPERATURE 


^TEMPERATURE 


- 10* F. 


4 to INCHES 
NORMAL RA^FALL 
-10 INCHES 


RAINFALL 





u. 50 
o 



Fio. 1. (}rn]>li.s sliowing yearly incKleiiee of FiisariuiH wilt in two varieties of tomato 
compared with temperatnn* and rainfall curves for the corresj)Oiiding s(‘asoiis. 

Clayton (2) also investigated the relation of soil moisture to Fusariuiu 
wilt, of tomato and i-eported that plants frrowitis in low-moisture soils were 
resistant. Plants ^rowin<r in soil of low moisture eontent lost their disease 
rcsistanee if a rav>id vegetative growth was indueed by the addition of niois- 
t lire to the soil. Kai>idly growing plants whicdi were susceptible were made 
resistant by allowing tlie soil to drj' out. 

(tttiers have sindied the effects of soil temperature and moisture on 
closely related diseases of other crops. Jones and Tisdale (10) stated that 
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the optiiTuiiii soil teinjx'ratiire for the development ol‘ flax wilt was the same 
as the optimum temperature for jrrowth of the fiiu<^us. Walker (17) re¬ 
ported on the relation of soil temperature to watermelon wilt. Tisdale (16) 
found that a susee])tible variety of cabbajre Asas more susc(‘i)tible to yellows 
at a low moisture level than at a hijifher moisture level. Tims (15) tested 
both susceptible and resistant varieties of cabbage and found the pereentajjce 
of infection of botli increased with iiicreasinti^ soil te]ni)eratures from 20° to 
32° (\ Only om^ soil moisture experiment was condmded and “the results 
w(‘re too variable to be of much value.’' 

Elliot (4) stated that cotton wilt was more severe in wet seasons, wliile 
Neal (11) held that it was more stn-ious in dr\. hot seasons. Neal (12) and 
Youn^* (19) ajireed tliat the soil temperature most favorable to the ^n'owth 
of the (*ausal fun^Jius was also most favorable for the development of cotton 
wilt. Tharp and Yoini^ (14) found that a suscei)tible variety of cotton 
showed positive correlation of disease with a ris(‘ in moisture lev(4 from 20 to 
90 per cent of saturation, Avhile a resistant variety showed litth‘ correlation 

between disease and moisture level. , 

■! 

TESTS WITH (M)NTaOELi:r> SOIL TEMI’EILVTl in: AND MOISTITU: 
rOXDITIONS 

The constant soil tem])eratufe tanks einjiloyed in the 1(‘sts reported here 
were of the Wisconsin type deseribe<l i)y dunes (7, 8) with a heater and 
tlicniiostat in eadi tank. As piTvions invostigatois liail found 28° C. tlu' 
optimum for the development of Fusiirium wilt, tliis tenn»i'rature and a 
lower one, 22° C.. were seleeled for these K'sts, Two uioi.stnr“ levels, tit) and 
85 per cent of saturation of the soil, were also tested. The varieties used 
were Marglohe and John IJaer li'oni th<' sam<‘ seed .stocks iis were employed 
in the field tests. 

Jn the first tests in 1!)3!) the .seeds were iilanted in sterile soil and the 
three-weeks-old seedlings were transplanted iido the eaus. A loam, ju'evi- 
ously sterilized, was used in the cans, and its moisture eontent was adjusted 
to the desired levels. Oat eidtures of the eausal fungus were added to the 
soil to fnrni.sh inoculum. After the ])lants wej-e set. a l-ineh layer of ground 
cork was added on top of the soil to retard radiatioji and evajioration. The 
cans were weighed daily and Jiioisture levels maintained by adding distilled 
water daily or as necessary. 

F"ive plants were in each can, and twenty plants in each test. Five non- 
inoculated plants of each variety were grown at all soil moi.sture and teni- 
perature levels for comparison as to size. 

An air temperature of approximately 22° 0. was satisfactorily controlled 
by thermostat except on bright days when regidation of the ventilators was 
necessary. 

In the first .series of tests, in 11)39, tlie de\ eloi)mcnt of wilt was observed 
for 10 weeks. When the final readings were made, the plants were pulled 
and the basal portions of the stems were cot across and lengthwise so that 
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browning’ of tlie vascular liuiidlcs might be observed. This exaniiiiation Avas 
used to verify external symptoms. Tlie final record included dead plants 
as well as those in various stages of disease. The results of these tests are 
presented in table 1. 

The suscej)tib]e var*iety, John Baer, was more suseeptilde to Avilt at tlie 
higher moisture IcATd Avhile the resistant AarietA', Marglobe, Avas more sus¬ 
ceptible at the lower moisture level. As to the effect of soil temperature, 
these data sIioav that (with one exception) there was a greati^r incidence of 
wilt in both varieties at the higher temjierature. A comparison of the non- 
inoculatcd control plants showed that both varieties produced larger plants 
at the higher soil moisture and temp(vrature le\e1s. None of the uoninocu- 
lated plants develojied tlie disease. 

TA IVLE 1.— Tht (jj't cl, of two cotfslont stoil nnnsturc ant! t*min’ratmr levels upon the 
development of Fimiriinv wilt in a resutant and a snsceplihle variety of fomafo. {Twenty 
plants in eaeh test) 




Miirglolx* (reHist.-iiit - 


Jnlm llaer (.sus<'c])ti]»lY • 


Soil moisture 
('oiiteiit, 
lK‘r cent 

S(fil tomp. 

Percentage of 
inoculated ])laut 
infected^ 

80 

C. 

20 

80 

28 

30 

00 

00 

40 

00 

28 

-10 

85 

*)•■> 

00 

85 

28 

00 

00 


50 

00 

28 

70 


of the iKniiiiocuLMtcd oonlrol pl.'iuts <t'V(‘lo]»ecl wilt. 

Ill the winter of 19:19 40, these tests avcjv rep(*ated Aviih some inmmitions. 
The saui(‘ numbers of plants Avere groAvn in infesti‘d .soil at each moisture and 
teinperature levcd for the first three AV(*eks of the experiment, and then half 
of them w( alloAved to (‘ontinue for the remainder of the period Avith con¬ 
ditions unchanged while the other half Avore subjected to cliang(‘s in soil tem- 
peratui'e or moisnire for the remainiug tlirci* Avi'cks of the ex])eriment. 
TAvice as many noniimeulated control plants were groAvn as in the previous 
series and ludf of these wi're subjected to the same (dianges as the inoculated 
plants. 

On dan. .11, 1940, tlie basal portions of tlie stems Avere examined for dis¬ 
coloration of the A'asindar system. The percentages of diseasevl iilants occur¬ 
ring under the various sets of conditions Avere recorded, and are summarized 
in table 2. 

None of the nouiiuxuilated plants develojied Avilt. Changes in soil mois¬ 
ture and temp(*rature levels during tlie extieriment made but sliglit ditfer- 
ences in the final size of the noninoculated ]vlants. Plants of both varieties 
were larger at th(‘ higher soil moisture and temperature levels. 

The results obtained in the previous tests Avere corroborated. Marglobe 
had nior(‘ Avilt infection at the loAver moisture level, Avhile more Avilt developed 
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TABLE 2 .—The effects of constant and vhantjing soil moisture and lemperature 
levels on the develo}mienl of Fnsarium wilt in a resistant and a susceptihle variety of 
tomato during a six-weeks period. Temperaivre and moUture changes were made at the 
end of the first three ircels. (Ten plants in each test) 


of iiHXMilMteil plantH 
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60 
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ill John Baer at tlie higher moisture level. iU a eonstarit soil teiiijieratiire, 
an inerease in soil moisture from 60 to 85 ])er eeut of saturation, (l(‘er('nse«l 
the iiereeiitai^e of wilt in Maroflobe and inereased it in John Baer: the opjx)- 
site ehang’e from 85 to 60 jier cent saturation increas(‘d tlio jiercentaoe ot 
wilt in Marglobe and decreased the iiereentagi* of wilt in John Ba,ei‘. 

In the winter of 1941—12, tliese tests were repeated using the same s(‘ed 
stock and method except that the inoculation was aei'omplished by di[)i)ing 
the roots of the seedlings in a suspension of the fungus, as deseivibed l>y 
Harrison (4), at tlie time of transplanting into the cans. Idie noninoeu]at(‘d 
controls were dipped in sterile water. In this series, a larger numbt‘r of 
inoculated plants was used, so that all the possible changes in soil temjxu-a- 

TAltLE 3 .—A comparison of the effects of constant and changing S(nl ■}noislnt'e and 
temperature levels on the development of Fusarium wilt in a resistant and susctplihle 
variety of tomato during a six-weeks period (Dec, 3, 1941, to Jan, 12, 1942), Tem¬ 
perature and moisture changes were made at the end of the first three weeks. (Ten 
plants in each tefd) 
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« Noii<! of the Jioiiii) 0 (ail;ito(l coiUrol jdaiits developed Avilt. 
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lure and moisture could be made and tlie effects on wilt compared witli inocu¬ 
lated plants grown at constant soil moisture and tenpicrature levels. 

The tests were set up in the tanks on Dec. 3, 1941, the changes in growing 
conditions made Dec. 24, and the percentages of* wilt Avere recorded Jan. 12, 
1942, Avhen the basal portions of the stems were examined for discoloration 
of the vascular system. The results of tliis series of tests are given in table 3. 

These data are in accord Avitli those obtained in the two previous tests. 
Tinder constant conditions, more Avilt develo])ed in Marglobe at tlie lOAver 
moisture IcacI than at the higher IcA^el, Avhile more wilt developed in John 



Fi(i. L' J(illII H;ic! (A) iiikI M;irg;loht' (U) toinalo plants grown at 28’ Non- 
ino('ulat(‘(l control U) and inoculatod v»lants (2) at CO TX'r cent moisturo; noninoenlatod 
cojitrol (3) and inoculated plants (4) at Sa ]»(*r cent moisture. 

liaer at the liigluu* moisture hn^el than at the lo'vei^ one. In botli varieties, 
the ineidenee of wilt AAas greater at the higher soil lemperaturt* level. Under 
elianging conditions, at l)oth temperature levels au iiieri'ase iu soil moisture 
decreas(Ml the percentage ol* wilt iu Marglobe, Avliile a decvrease iu soil mois- 
tiire increased the percentage of Avilt. Iu the case of Joliii Baer just the 
reverse was true. At constant moisture levels, tlie incidence of wilt increased 
in botli vari(‘ties Avith a rise in timiperatnre from 22^ to 28° C. \Aliile a 
decrease in temperature i'rom 28° to 22° Cl sliowed no effect on the incidence 
of this disease. 

Photogra])bs of some of the plants of the final experiments are in figure 2. 
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Tliese pictiiros eoiuparo noninoeulated coiitj*ol plants witli inoculated plants 
g’l’own at the same soil moisture and temperature levels. The noninoeulated 
plants of* both varieties made better f^rowth at the ]ii<rher moisture and tern- 
]>erature levels. 


DISOUSSJOX 

The results of the three series of tests und(‘r controlled conditions of soil 
moisture and temperature substantiate the apparent relationship between 
wilt incidence and rainfall shown in figure 1. 

Tliese tiiidings (*orroborate the general ol)ser\'ation that hot weatlier 
favors wilt, but indii'ates that dry weather does not favor Avilt in all cases. 
TJie difference between varieties in response to soil moisture may account 
for tlie variation in rejiorts as to the effeetts of wet and dry seasons on this 
disease. 

The results reported liere with John Baer are in accord with those of 
tflaATon (1, 2) who used (Jlialk’s Early Jewel in his investigations. Chalk’s 
Early Jewel is closely related to dohn Baer,and is susceptible to wilt. 

The findings with a susce|)tible variety'of tomato recorded here ai’c in 
agreement with thos(‘ of Tharp and Young (13) who found that a susceptible 
variety of cotton showed a |)ositive correlation of disease with a i*is(' in mois¬ 
ture level from 20 to SO and'90 jier cent saturation. These investigators used 
a resistant variety in only one test and rejiorled little correlation between 
disease and .soil moisture level. 

Tlie effects of soil tem])eratiire on the develojumuft ol' wilt reported here 
are in accord witli tliose of other invesligatoi*s (1, 0, 10. 14, 15, 16, 18). 

Whether the difi'erouK^e in effect of soil moistiiic on wilt incidcMce is 
eniTclated with susc(*ptibility or r(‘sistance to tin* disease, or is merely a 
varietal difference lias not been (*stablished in trials as only one sus- 

ee|)tib]e and one resistant variety were tested under controlled conditions 
Since field observations on (Jhor varieii(‘s were sometimes based on only two 
trials which were often not in subsecjuciit yt‘ars, no definite conclusions as to 
moisture relations can be made. Pritchard, a resistant variety which was 
tested in the infested field for four v ears, showed the same resi)ouse iu wilt 
imddence to rainfall as Marglobe, while the wilt resistant strain of John Baer 
(13) responded in tlie same manner as coinmeiwial dolni Ba(*r. 

, f. 

SUMMARY AND CONCLUSIONS 

l^held observations on tlie relation of rainfall to tlic ineidence of Fusarium 
wilt and greenhouse tests at constant soil moisture and temperature levels 
indicate that Marglobe, a resistant variety, and John Baer, a snseeptihle 
variety of tomato, have oj)posite resi)onses to soil moisture insofar as it affects 
susceptibility to wilt. 

Marglol)e was more suscej)tible to wilt at a soil moisture level of 60 per 
cent saturation than at 85 i)er cent, while John Baer was more susceptible 
to Avilt at a soil moisture level of 85 pcj* cent satui-ation tlian at 60 per (‘ent. 
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WlioM soil teiDxierat iire (.'om lit ions wore eoiistaiit a nd soil moisture coiiditioiis 
were changed during the tests, a reduetioii in soil moisture decreased the 
incidence of wilt in Jclui lUier, while an increase in soil moisture increased 
the incidence of wilt, (inversely, in Marglobe an increase in soil moisture 
from 60 to 85 per cent saturation reduced the incidence of wilt, while a 
reduction in moisture increased the incidence of wilt. 

The responses in wilt susceptibility of John Bacn* and Marglobe to soil 
teiiipercitures ai'c similar. Both varieties were more snsceptible to wilt a1 
28'’ (\ tlian at 22'^ C. WJion soil moisture conditions were constant and soil 
temperatures were changcvl during the tests, a. rise from 22'"’ to 28'' C. usually 
inci'cased the incidence of wilt in l)oth varieties, [)ut a reduction in soil tem¬ 
perature from 28“ to 22" F. ha<l no effect on the peivMmtage ol' wilt whicli 


Whether the difference in (*ff*ect of soil moistui-e on w'iit incidence is enrre- 
lated witli susceptibility or r(‘sistance to the disease, or is merely a varietal 
dilferenc(‘ has not been established in these trials as only one susceptibh' and 
one resistant variety ner<‘ tested. 

"\Ii c 11 K IA N A( }K I (I ’ I /r r iL\T. 1 v\ 1 ‘Ki : I >1EN 'r Station , 

East 1jAnsin<i. Mk iiican. 
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INlIElilTANCE OF REACTION TO C^ROWN RUST AND STEM RUST 
AND OTHER CHARACTERS IN CROSSES BETWEEN 
BOND, A VENA BYZANTINA, AND VARIE¬ 
TIES OF A. SATIVA‘ 

8 I A N G Y 1 xN K O , J A M E S II . Y O K K 1 K , A i\ J) 

,I AMES (t . I ) I C K S 0 N “ 

(Ao("ept(>d for public; it ion Octolxu* 1, 1945) 


JNTUODUCTION 


Plant diseases are iiiij)ortant limiting' J'actors in tin* j)rodnetion ol* oats. 
CroAvn rust (Guised by tlie i)atliogen Pucci)iia corona ia a ve nae Erikss. and 
stem nist eansed by P. granunis avenae Erikss. and Henn. are two ot' the 
more destrnetive diseases of oats. The modes of iidiei-itanee of crown-rust 
and st(un-i*iist reaction and of sevei*al kernel <'hai*acters are i-eported ber(‘in 
for crosses betweiui I>ond, Arena hifianlina C. Kocli, and sevm'al vari(‘ti(*s of 
A. sativa L. f 

The literature coju'erning the inheritance of crown-rusl and stem-rust 
reaction in oats lias beeji reviewed by Smith (.">) and Toj'rie (7). Hayes, 
Moore, and Stakman (1) studied crown-rnst ri‘action in crosses involving 
Bond and 5 ditftTcnt varieties of Arena saliva. In 1 of the 5 cross(*s they 
found a single factor difference, while in tlu‘ other 4, two incompletely domi¬ 
nant complementary factors for resistanc(‘ w(‘re (virried by Bond. To!*ri(‘ 
(7) explained crown-rust r('action in the cross of Iowa No. 444 > Bond on llie 
basis of one factor pair for resistance carried l)y Bond and an inhibitor 
carried by Iowa No. 444 wliicli partly inhibited tlie exi)i'i‘ssion ol* the factor 
for resistani'c. Previous studies (5, 7) liave shown that resistance to stein 
rust is dominant to sns(*(*|)tibility and dependent upon a single factor pair. 

The literature nj) to 11189 on tlie inh(*ritan<*e of kernel characters has been 
reviewed by Torrie (7). Hayes, Moore, and Stakman (I) found that the 
Avena- soiivei type of basal articulation was dominant over the A. bgiantina 
type, the ratio apiiroaching- 8:1. They rc'ported that segregation for floi'et 
disjunction (termed rai'hilla attachment in this paper) in 1 of the b cross(‘s 
studi(‘d was monogcmic, while in the other 4 cross(*s it was df'jiendtmt upon 
more tlian a single fai'tor pair for differentifition. In a cross of Iowa No. 
444 x Bond, Torri(‘ (7) rejiorted tbat tlie characters basal hair Itmgth and 

1 (l() 0 ])t*r;itive investig;i1 ions iK'twceii tlic AgriiMiltunil Kx])(*rini(*nj; 8t;ition 

and the Divisie?! of (h'op.s ;iii(J I)i.si*ase.s, Bureau Plant JnduHtrv, Soils, and A grind- 

tairal Kifgineiuing, Agrirultiir:ii Kesearch Aditniiistratioii, IT. S. Department of Agri 
vulture. i*aj>er JSo. HOI of tin* Department of Agronomy, Wisi'onsin Agrivultur.al 
lvx]>eriment St a tion. 

Ybc writers wish to in;ike grateful ardniowledgment to T)r. O. 8. Aamodt for advii'e 
iluriiig the course' of tin* study; to Dr. IT. L. Bhands who supplied six'ds of tlie F, gniera 
tion of Bond X llawkeye and Bond x 8.D. 3I>4; to Fiigeiie Ilerrling for aid in the prep.a 
r.ition of the photograjdi; and to Dr. H. C. Alurjdiy of tin* IT. 8. Department of AgricMlluri' 
who sujiplied inoculum of physiologic races 5 and (J of P. coronaia avruac. 

2 Formerly assistant in Department of Agronomy ; Associate Prof, of Agronomy ; ;in<] 
ITrof. of Plant IhUhology, XJniversity of Wisconsin, :ind Ag(*nt, Division of (k'real Props 
und l)iseases, XIadison, Wis., resjioctividy. 
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number and basal artieiilation and raehilla attaehment were monogenic in 
thei]* inlieritance, wliile leiniua color and awnedness were digenic. 

The literature on tin* inheritance of earliness of heading has been re¬ 
viewed recently by Torrie (7). He reports that other workers found a 
partial dominance of earliness and that one to multii)le factors, depending 
upon the cross, are suggested to exjdain the segregation. 

MATERIALS and jMETIIODS 

Tl»-‘ progeni(‘s used in tiiese studies consisted of the following: 

F„ F,, and F, of Bond 2733) x Hawkeye ((11. 24()4) 

Fj and of Bond x S.D. 334 (C.I. 2884) 

Fii and F,. of Hawkeye x Bond 
F, and F, of S.D. 334 x Bond 

and F;i oi‘ Han rock (C.I. 334b) x Bond 
F, and F^ of (M. 3350 x Bond 

These varieties bcilong to tfie s])ecies Arena saliva^ with the exception of 
]h)Uvl, which belongs to A. hi/zantina, Tlie origins of the parental varieties, 
with the exception ol‘ S.D. 334 and ClI. 3350 liave been reported by Stan¬ 
ton (()). S.D. 334 is a selection made at tlie South Dakota Agricultural 
Experiment Station from a selection of Swedish Select x Kill)y Hulless baek- 
ciossed twice to Richland (C.I. 787) and then to Markton (('II. 2053). (11. 
3350 is a sister sehndioii of Hancock and Marion. 

The F^ and F.^ generations of liond :< Hawkeye were grown successively 
in 1938 and 1939. The Fv generation of Bond x S.D. 334 was grown in 1937 
and the F.; generation both in 1938 and 1939, and the F 2 of the remaining 
cross(‘s ijL 1!)39 at the University Hill F’arms, Madison. The F;j lines were 
]) Ian ted in 5-foot rows with approximately 25 seeds j)er row. Parental varie¬ 
ties were seeded at intervals of 30 rows. Border rows of State Pride (C.I. 
1154 ) w(M e planted thi’oiighout tlie nursery to provide a susceptible host for 
the increase of (-rowii and sleni rusts. During 1937 and 1938 naturally 
occurring inocubiin was r(9icd upon for rust infection. In 1939 the natural 
iiioculum was supplemented by inoeulating growing plants of State Pride by 
means of a hyi)odermic needle. 

The seedling reactions to a composite collection of crown rust were 
determined in tin* greenbonse. The F:i geii(*rations of Bond x Hawkeye and 
Bond < S.D. 334 were grown during the winter of 1938-39 while the F.j of 
Bond >: Hawkey(* and tlie F^ and Frt progenies of the otlier cross were studied 
during the winter of 1939-40. The erown-rnst reactions of 94 F-^ lines 
of Bond X Hawkeye, selected at random, Avere determined for physiologic 
races 3 and 6 and for the (*om})osite iiiocidiim during the winter of 1939-40. 
The seedlings Avere grown in flats. The first leaf of the seedling jilant Avas 
iuoeidated with croAvn rust. Tlie flats containing the inoculated plants Avere 
plained ill a lighted iiioist-cliamber for 24 liours at 20° C., after AAdiich they 
Avere removed to a greenhouse ke|)t at approximately 18° C. 

C.I. refers to Mceessioii niiinber of Hie Divisiem ef Cereal Crops and Diseases. 
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All plajits, both in tlir ndult plant and secdlin<>' stages, were classified foi* 
crown-rnst reaction into o classes: 0, 1, 2, 3, and 4 based on the infection 
types described by Miir])liy (4). A larj^-e majority of the plants was placed 
in classes 0, 1, and 4. In llie oenetie analysis of the data, classes 0, 1, and 2 
W(M’e grouped as resistant and 3 and 4 as snsee])tible. All plants were classi¬ 
fied for stem-rust reaction as inther resistant or susee|)tible. 

Tlie classificatioii lor grain characteristics was made in the laboratory by 
examination of 3 to 4 caryoi>ses of each ])lant by 2 i)ersoiis. Three classes 
were used foi* all cliaraet(Ts: byzantina, sativa, or intc'rmediate type. 

Tln^ dates wben tlic first, a|)proxij)mtely 50 per cent, and the last plant 
headed wei-e determined for eacli F.; and parental line oT the crosses lioiid x 
Ilawkeye and Bond ;; S.D. 334. The arithmetic mean ot* the al)ove tliree 
values was taken as an index of tin* number of days f?'om cMKU’geru'e to 
heading. 

EX PEE I EN TA L RESU J /I’S 
1 nh( ritana o/ Crotni-linsf Riaciion 

Fi plants oT ail ci’osses stiidieii liad a 1 to 2 crown-rust infection typ<‘ in tlie 
seedling stage under greenlinuse conditions and a 3 typ(‘ in th<‘ adult i)Iant 
stage in the field where the composite inoenlnm was used. 

Data oji the segregation are given in table 1. Good lits were obtained 
to the ratio of 9 resistant :7 susceptible in the s(‘edrmg stage and 5 i*esis- 


TABLE 1.— Crou n-nist rtactivn.': of the ]?\ i)ro(}( ni( of. Jiond (Avena "byzantina) 
crofised with .several rarutie.s o/ A. .<atira. and tesls t>f yoi/dnr.ss of fit lo the o re.sis~ 
taut : 11 suseepf ible and C resistant : 7 siisn piifdr ratios in Hit adnll and stcdfinf/ stapes, 
respectively 


Cross and jiopnlat ion 

Btag(‘ of 

Ilea ct ion 

(■lasses 

y* \ alu('sa 

ilevelopment 

Ke.sistant 

Susceptihle 



A'o. of plants 

A e. of plants 


Bond X Hawkeve 

Adult 

82 

171 

0.10 

Ha wkin e x Bond 

.Adult 

34 

91 

1.10 

Seed ting 

104 

156 

3.05 

Bond X S.D. 334 

Adult 

16 

176 

1.08*’ 

S.B. 334 X Bond (•39T4) 

Adult 

41 

74 

0.82 


Six'dling 

104 

121 

8.79 

8.1). 334 X Bond t2i)75) . 

Adult 

25 

90 

4.46 


Seedling 

139 

131 

4.39 

S.D. 334 X Bond (297(B 

Adnlt 

44 

95 

O.tH) 

Seedling 

163 

1 35 

0.23 

Harn'oek X Bond ''2988 ' 

Adult 

31 

74 

0.07 


Seedling 

97 

71 

o.io 

Hancock > Bond (2989) 

Adult 

36 

6S 

2.96 

Seedling 

89 

6() 

0.05 

C.l. 3350 X Bond (2983) 

Adult 

43 

71 

1.90 

Seedling 

112 

100 

0.87 

C.T. 3350 V Bend ''2984) . 

Adult 

32 

92 

1.34 

S(‘edling 

80 

64 

O.Ul 


a The yf v;i3vies at the 5 per oent and 1 i>er cent levels for 1 degree of freedom are 
0.84 and 6.1)4, respectively. 

y -' values for tlie.ratio of 15 siisceptilde: 1 resistant. 
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taut: 11 siiseeptible in tlie adult plant stage save for the seedling reactions 
oJ* i)t>pnlati()ns 2974 and 2975 of S.D. 334 x Bond, and the adult plant reac¬ 
tion of i) 0 })ulation 2975. Tn ttie latter 3 instances the ])roportion of plants 
classified as snseeptihle exceeded that expected. The adult plant segregation 
of Bond X S.D. 334 approaclied the ratio of 15 suscc})tible lo 1 resistant. 

The crown-rust reactions of the F generations of the several crosses and 
foi* a selected of Bond :: Ha\vkt*ye are given in table 2. The Fi generation 

I'ATrJjE L’. —Crouyn rusI nacHoh.-- of J .. and F. prui/cnics of Bond (Avcna hymntiiia) 
eyossrd ivitk scvrral vnrirfu’s of sdLioo, and trsis of (foodnrss of ft to Hie ./ rf.sf.s- 
tiDit : 1 seyrryatiny (J resisiont: 1 sescf ptihh:) : 4 seyregatiny (9 rc.siHtant : 7 susceptible 
in the snedliny stage and B resistant : 11 snscf ptlhh in Ho adidl stayr) ; 7 susceptible 
ratio 


(fcuerntiori, (O-oss, 
and po]uil:if ion 

Ijidic 

a ted react ion in seedling stage 

yf viibies’’ 

Ib'sistant 

Segregating 

3 b' : lS<i ‘HI : 7S 

Snsc(‘ptif>le 

F;, Pond X ITawhoyc* 

F., Tiojid X Mavvkov<"‘ . 

F. Ik'O'kevc X Bond 

F. Bond x* S.D. 334 

F, 8.1). 33 lx Bond (2974) 

F, S.D. 334 X Bond (2975) 

F, 8.D. 334 X Bond (297(1) 

F;{ Hancock x Bond (2988) 

F;t Hancock x Bond (2989 ) 
f', C.T. 3350 X BoJid (2983) 
F.C.T. 3350 X Bond (2984) 

19 

() 

0 

9 

10 

0 

10 

12 

8 

9 

7 

73 57 

58 59 

24 32 

12 21 

22 18 

18 27 

27 28 

24 24 

28 30 

3)0 30 

104 

97 

47 

149 

00 

55 

45 

40 

48 

42 

49 

3.17 

4.83 

1.33 

1.30'i 

8.71 

4.38 

1.01 

5.40 

0.79 

1.73 

0.14 


Tndi« 

•ated reaction in adult stage 


(MOOM .-it ion jnid (o-o.ss 


Segregating 


y- vnliies 


Resist n ni 


Susceptible 




3R: 18 511: 118 



F;, BoTid X llawkcvc 

23 

73 55 

102 

0.53 

E« Bond X S.D. 33'4 . 

11 

9 20 

151 

1.94 


^ R 1 - resists Ilf ; 8 susceptible. 

The values af tlie 5 per cent und 1 per cent levels for o degrees of fr(*edom are 
7.82 and 11.34, respectivelj. 

« Totuls for 10 lines, each of which segregated OR: 78 in the Fg seedling test. 

‘f values for the ratio of 1 resi.slant: 1 segregating (3 resistant: 1 siivsceptible) : 2 
srgicgating (9 resistant: 7 susceptible): 12 susceptible. 

of Bond X IIawkey(» consisted of 10 plants from each of 22 F 3 lines which 
segregated in a ratio of 9 resistant to 7 snseeptihle in the F 3 seedling tests. 
For all crosses, with the exception of Bond x S.D. 334, the segregation was 
1 resistant: 4 segregating (3 resistant: 1 susceptible) : 4 segregating (9 resis¬ 
tant : 7 susceptible in the seedling stage and 5 resistant: 11 susceptible in the 
adult stage) : 7 susceptible. The agreements between the observed and ex¬ 
pected ratios were good except for S.D. 334 x Bond (population 2974) where 
too many Fa lines were completely susceptible and too lew were found in the 
segregating classes. 

The segregation fonnd (’an be explained by the hypothesis offered by 
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Hayes, Moore, and Stakman (1) or that by Torrie (7), although the genotype 
patterns would be quite different:. Hayes e/ ol. (1) explained the segrega¬ 
tion of crosses involving Bond by 2 eompleiiientary factors carried by Bond 
wliicli in tlie lieterozygons condition resulted in soiiiewhat lower resistance 
than when homozygous. Torrie (7), for the ci*oss Iowa No. 444 ;>: Bond, sug¬ 
gested the jiresenee of two factor x^airs, S a factor for crown-rust resistance 
and I a factor which partly inhibits the expression of S and in which the 
]iiaskijig effect of the inhihitor is greater iu the adult plant stage in the field 
than in the seedling stage in the greenhouse. Tlvis would explain the differ¬ 
ence in the double heterozygous x>hmts Avliich were classified as suscex)tible 
in the adidt x)lant stage and resistant in the seedling stage. Since the double 
lieterozygons plants coniXH)se one-quarter of tlie Fo ]^o])vdation the expected 
segregation in the Fj and of the double heterozygous X)laJits in the F.. woidd 
be 9 resistant : 7 snscex^tible in the seedling stage and 5 resistant : 11 suscepti¬ 
ble in tin* adult stage. 

The Bond :< S.D. 334 x^ngcjiy segregated somewhat differently than th(‘ 
other crosses. The Fj segregated into the ratio /if To susceptible : 1 resistant. 
Th(‘ F;{, which nas grown in the field in both 1938 aiul 1939 and in the green¬ 
house during the winter of 1938-39, segregated ax)proxiniately as follows: 
1 resistant: 1 segregating (3 resistant : 1 suscexitible) : 2 segregating (9 r(‘sis- 
tant: 7 susceptible) : 12 sus(‘e|)tible. 

The F;; reaction of Bond Hawkeye to races 3 and () of Pvcciitia (’aroinifa 
avcnac was the same as the reaction to the composite inoculum. 

Inheritance of Bteni-Ilnst ReacHini 

The segregation for stem-rust reaction and tests of goodness of fit for the 
Fj and F;< data are givtn in tables 3 and 4, r(‘.speclively. In the adult plant 
stage Fi x)lants of all the ci-osses studied W(*re resistant. This is in agree- 

TAX^LE o.— Stt-ntrusl react ion for the F.. proffcvir^ of lionet (.lecna hijZ'anlino) 
crossed with .several varieties of A. .satiray an(! fest.s of {/(fodiKs.s of fit to the d rtsis- 
tani : 1 susceptihtc ratio 


E.. re.'K't ioH 


Gross and ]) 0 ]n:latioii 

Uesistant 

vSusceptible 

y ■ valiux 


A'o. of jdantf! 

A ri, of jdants 


JloJid X lUnvkeYe 

184 

(19 

0.08 

Ilawkeye >; Bond . 

98 

30 

0.17 

Bond X S.D. 334 

133 

58 

2.91 

S.D. 334 X Bond ^2971) . 

90 

25 

0.(57 

S.D. 334 xJlond ( 2970 ) 

88 

21 

1.88 

S.D, 334 X Bond (297^) . 

102 

37 

0.29 

Hancock X Bond (2987 ) . 

91 

11 

11.88 

Hancock X Bond \ 2988) 

85 

19 

2.51 

fXanec.ck V Bond (2989) 

70 


0.002 

O.T. 3350 X Bond (2983) . 

93 

*)1 

0.00 

0.1. 3350 X Bond (2984) . 

90 

29 

0.23 

CJ. 3350 X Bond (2985) . 

92 

37 

0.9(5 


Till' y' values at tlie 5 x>cr cent and 1 ^ levels for 1 degri'C of freedoiii are 

.84 aiiil (5 r)4, respectively: 
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4. Slcm-rnsli reaction for the F.. proijcnica of llom! (jtvc?ta hy^anlina) 
crossed with two varieties of .1. sotira^ and tests of goodness of fit to the 1 resistant: ^ 
self regating : 1 susceptilde ratio 


(h'oss 


Em reaction 


y- values^ 

l?esi.stanl 

Sefrref>atinj^ 

Susceptible 

Bond X HawkoA’c . 

Bond X S.I). 3:k .. 

A' a niher 

. no 

49 

Xuni her 

V27 

87 

N n nil) er 

07 

00 

0.51 

1.85 


a '^piip yf vnlnos at tlio H jjor cent and J per C(*nt levels of .si|[»’nifi('ance for 2 decrees of 
freedom are and 9.21. 

iiUMit witli tlio results reported by lliunphrey and Coiriuaii ( 2) and by Torrie 
(7). Tlie Fo data, for flu* (> erosses, <ra.ve oood fits to a 3 resistant; 1 siiseep- 
lible j*atio Avith the (‘X(‘eptio!i ot* IJaneoek; Bond (|)()pulation 2987). Tlie 
])oor (it in Ili(‘ lattei- ease was due to too many ])lants bein;^- classified as resis¬ 
tant. Sine(* tlie other two po|)ulations of IJaneoek l)ond slunved ^iood fits 
to the 3:1 ratio and since the stem-rust e|)idemie was li^ht in certain por¬ 
tions (»r tin* field during’ 1939, the poor fit obtained for population 2987 is 
pd’obably tin* residt of certain suseeptil)le plants eseapinji' infection. 

The V„ sei:r(‘<.iation of tin* <‘rosses l^md Ilawkeye and Bond ■; S.T). 334 
^i*own in the field in 1939, ^ave ^(kxI fits to the ratio of 1 resistant: 2 s(‘^Te- 
iiatini*- i3 resistant ; 1 susceptible):! suseeptibh'. These results substanti¬ 
ate the Fj s(\i>‘r(‘Ration. 


/glierilg}fcc iff Kernel Charaelers 

The inlierilaiHo' of sevau'al louaiel ehara<‘ters, includin’i' nuinb(‘r and 
l(MiLdh. of basal hairs, type of basal artimdation, rachiiia attachment, lemma 
color, awnciliiess, and twist(‘d black base of awn, were studied for the erosses 
l>(>nd llawk(‘ye and Bond S.D. 334. J)eseri|)tions of tb(‘ parental varie¬ 
ties, foi- th(' <'hara('t(*i\s studied, are i»iven in summary form in table 5. 

Tlu‘ Fj of the two crosses showc'd j)artial <lominanee of the ;j;rain ebarae- 
tiu's of the Arena salira parents. The data in table (i jj^ive the modes of 
iuheritaiu*e and tests of li’oodness of lit for the characters studied based on 
the se.Lirejiation of the F.; lines. In the cross Bond > IJaAvkeye all segrega¬ 
tions Liave Li’ood fits to the 1 : 2 : 1 ratio including- tliat for awn type. Since. 


'IWIMVI'] T ).—Kenicf characters of Bond, ilan'hcye, and S.D. dot 


(liM 


ImmhI n.'iwki'vc 

(M. 27;;;5 (M. 24(14 


I».-ism 1 hair Icnoth 
Xin^U)ev of hawal Imirs 
lI.Ms.al ;n-ti(*ulati(jii 
li.'M'hjlla. att;H'lim(‘Tit: 
bcrmiia color 

of awiicdncss 
'r\vis»te<l Mnck base of a wn 


Alc<liinn Ion" 

Many 

Slicker 

Secondary 

T/iglit reddi.sli brown 
Weak awii present 
A l)sent 


Short 

Few to absent 
Solid 
J?rima ry 
Av41ow‘ 

Partly awned 
Absent 


s.i). ;;;:4 
CA. 2 SSI 

short 

Few 

Solid 

Frimary 

A^ellowish white 

Heavy 

Absent 
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neitliei* parent possessed awns witli a twisted black base and since very few 
plants were found to be as weakly awned as Hawkeye, the exact })arenta^e 
of tlie niale parent of this cross may be questioned. With this exception. 
llowe^'el^ all sej^r('nations were as expected. 

In the cross Bond > S.D. 334 sejijrelation of the F- lines for all characters, 
with the exception of basal articulation, occurred in the ratio of 1 byzantina 
complex : 8 sejiTej^atin^*: 7 saliva complex. Due to various dejirees of inter- 


TABLF^ 0.—F.; svijrciinlion for several Iccrnd charaeters of . llawlvt ]ie a/r* 

Bond od f and tests of (j/oodness of fit to the 1. : :j: 1 ralio for Bond >: IJawlreio: 

and to the 1 : S : 7 ratio for Bond x B.D. So4 



Bond X Hawkeye 

Bond X S.D. 334 

CIms.s Mild chfirnctcr 

Nnmlxvr 
of lines 

yj values 

Aiunber . 

y-valia s- 

ot lines 

B;)n;i 1 h;i ii' length: 




Bong . 

58 


10 

Segregating . 

132 

0.06 

90 (1.14 

Short .. 

03 


79 

BmsmI hair number; 

Maiiv . 

00 


12 

Segregating . 

131 

0.31 

87 0.17 

Few . 

02 


80 

Ty])e of basal articulation; 
Sucker . 

00 


12 

Segregating 

128 

0.23 

42 0.410 

Solid . 

05 


125 

Kacbilla attachment; 

S(‘Condary . 

03 


13 

Segregating 

124 

0.18 

93 0.79 

Primary . 

60 


73 

Lemma color: 

Reddish brown . 

62 


12 

Segregating . 

125 

0.17 

91 0.15 

Yellow to white . 

00 


70 

Awning: 

Wcah awned . 

63 


14 

Segregating. 

122 

0.55 

87 0.78 

Heavv awned . 

63 


78 

Twisted black base of awn: 

Absent . 

65 


13 

Segregating . 

126 

0.07 

90 0.37 

Present.. 

62 


76 


The 5 ^^ value at the 5 per eeiit and 1 per c*enl levels for '2 degrees of freedom arv 
respectively 5.99 and 9.21. 

^ yif value for the 1:4:11 ratio. 

mediacyvno attempt was made to ditferentiate bid ween the segregating lin»^. 
The segregation suggests the presence of complementary factors, both })resenT 
in a dominant homozygous condition in S.D. 334 and carried in a vf^'Cssive 
condition in Bond. 

The segregation for basal articulation occurred in a ratio of a]>proxi- 
niately 1 byzantina : 4 segregating : 11 sativa. In the classification of this 
character both in tlie F 2 and Pa the plants of intermediate type of basal 
articulation approaclied very closely the articulation type fouml in,tlie saliva 
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parent. J^ince sej^TOgation for tliis character was not clear-cut, many plants 
wliieli w(vre intermediate were placed in the sativa complex. This would 
I’csult in some of the sef>*r(*^‘atinf>- lines bein{2: classified as homozygous for 
the sativa complex. This is probably the reason for the different ratio found 
jn the for tliis character as comiiared to tliat found for the other charac¬ 
ters studied. 

The data in table 7 show the linkat^e intensities between the kernel char¬ 
acters for the cross Bond x llawkeye, which were calculated from the Fv and 
llie Fa data by the method of maximum likelihood dt^scribed by Immer (3). 
Genes for all kernel charatders studied were located on the same chromosome. 

In the cross Bond x S.l). 334, the inheiitance of each kernel characder was 

TABLE 7. —Ijinl tuir inif usiticn Ix inu i n r/rncs for serf ral Irrrnrl chararh rx in the 
rr,,sx Bond X nawlceye 


tJliararter 


Liukaj^e intensities with standard error 


A vvned- 
11 ess 


Twisted 
blaek 
]>ase of 
awn 


Basal 

articu 

lation 


Hair 

nnin]»er 


Baclillla 

attaeli- 

merit 


Basal 

liair 

leiigtlt 


"i'wisted blatdr base of 


nwn . 

■ 8.7 + 1,2 





BasnJ :irticid:iti()ii . 

Ifjiir number . 

K.'Hdiilk'i utt.'icliment 
Bjihji'I hair bmjrj-h 
Lr-nima color. 

Ubl ±1.9 
2(;.5±2.a 
30.8 ± 2.5 
•12.1 ;± 2.9 
58.7 + 3.4 

11.7 + 1.5 
.18.4 + 1.8 
24.4 + 2.2 
38.0 + 2.8 
50.0 ± 3.0 

0.9 t l.J 
20.1 ± 2.0 
32.2 + 2.0 
47.8 7 ,3.1 

17.7 ±1.7 
25.0 2.3 
40.4 + 3.0 

l),) O *■) 

44.0 ± 3.0 26.8 ± 2,3 


tl)b 1 

1)0 bn 


ra 


Id 

Ic 

. S.7 . 11.7 

. 0.9 . 

17.7 


•> 

2( 

),.8 


Cliroinosoine map sbowini^ linear order of jj;(‘nes“ 


'* a a\vnediu!.ss; tbb = twisted black base; ba ba.sal artievdation ; lin - liair miml>cr; 
r , raclrilla at1ri(diment ; Id rrliair lenfj;1h; Ic - bminm color. 

dio’cnic. Chi-xputre tests of imb'pendence and association showed that the 
^(rnes j^merninii- all the chameters were closely linked. The P values in all 
• ases were consitb^rahly less than 0.01. 

Inh crifancc ijf Earliness of Heading 

The distribution of the lines of tlie cross(‘S Bond x llawkeye and 
Bond ::S.D. 334 and iiarental varieties for number of days from emergence 
headinjJ!* are uiven in fiftnre 1. The distribution of the Pt. lines of Bond > 
llM,\\key(‘ show that approximately one-tliird of tJi(‘ lint^s were earlier than 
Bond, and one-tliird as early as Bond. Seven of 253 lines studied were as 
laie as llawkeye, which is approximately one sixty-fonrtli of the entin* popu¬ 
lation, The sef»rejiation foiiiid siijjrj^ests that at least 3 factor pairs are in¬ 
volved and that Hawkeye, the late parent, ]:)ossesses genes for earliness of 
3ica<ling. 










2 rj 4 ]Ml Y'r01*ATHOL0(!Y I 

TIjo distrilnition oi' the K.-t liiiCs ol* the cross DondxS.l). dIU sliow tiuit 
approxiiiiat(*]y one-third ^vere as late as tlie late parent, 8.1). d34, and one- 
quarter as early as the early parent, Bojid. The distril)iition sii^^ests that 
at least 1 main factor pair and possibly 1 or more modifyinj** taetors are 



Pi<r. 1. M.'lic disti'ihutioii (»t* d;i_)s from ouHrjjctimio l(> licjidinjjj ol* P;.. linrs Toi' tli<' 
<*ro;ss(‘s Bond X llowkcyo, JioiidxS.I). 3.‘M nnd imroiiinl viiriotii’S. 

involved. A fcAv lines earlier and later than (‘itlier parent snjji-j^est the i>ossi- 
l)iiity of t ran stress i\'(* seo-reg'ation. 


SUM AI AKV 

A study Avas made of the mode of inheritance of reaction to crown rust, 
in id coronafa avcnary and stem rust, P. f^rdminis dvcnd<\ sev(‘ral keivnel 
ciiaraiders, and earliness between crosses involving- several vari('tit‘s of An na 
ml<va and Ttond, A. byzantina, 

Tlie sej^'rei>ation found for erown-rnst reaidion in all 


ci*oss(‘s, saA'e 
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Bond X S.D. 334, can be explained by eitlier tin* liyj)otlie.sis of tAvo coinple- 
mentary factors carried l)y Bond as sujrj^ested by Hayes ft aJ. (1), or tbat of 
two factor paii's, S a fatdor for croAvii-rust resistance and I a factor Avliich 
partly inliibits the expi’cssion of S as sngrgested by Toi’rie (7). Plants 
lieterozygons for botli fa(*tor pairs Avere more susceptible in the field than 
in the ‘^reeiihonse. 

A single factor pair Avitli dominance of resistance gwerned stem-rust 
reaction. 

In the cross Bond x liaAvkeye tlie characters of basal hair length and 
number, basal articulation, raeliilla. attachment, lemma color, aAvnedness and 
tAvisted black base of awn Avere monogenic and linked. In the cross Bond x 
8.1). 334 the same k(‘rnel t-haracters AA^^re digenic and linked. 

A partial dominance of earliness of heading A\^as found in the cross 
P>ond >: HaAvkeyc, while in the cross Bond x S.D. 334 lateness of heading Avas 
dominant over early heading. 

Departments op Aokonomy and Plant Patiiologa", 

Wisconsin AoRicui/ruRAL Experiment 8tatton, 

M a dtson , W' I scon sin . 
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PHYTOPATHOLOGICAL NOTES 


Experiment,^ ivitk New Organic Fiaujicides for Control of Apple ^cah 
and Brooks^ Fruit Spot {Fhoma pomi )}—Cooperative applc-scab-eoiitrol 
experiments Avere eondiicted in Delaware on the Red Delieions and Rome 
varieties of apples and in Noav Jersey on the Rome variety during' tlie 1044 
growing season. Several of tlie newer oroanic fungieides were tested in 
dosage series. The test on the Rome trees in the Delaware experiment was 
begun after scab bad beeonie established in the ])lanting. 

In the Delaware experiments, U. S. R. No. 604 (2,3-diehloro-l,4-naphtho- 
(|uinone) at 1 and li ixmnds per 100 gallons and Purati/ed No-X (phenyl 
merenri trietlianol ammonium laetate) at 1“1,000 (1-8,600 aetivt* ingr(*di- 
ent) and at 1-2,000 (1-17,200 active ingredient) ecpialled li(iuid lime-sulplmr 
at IJ gallons per 100 gallons of water for seab control. Permate (ferric 
dimethyl dithiocarbamate) at li and 2 pounds \)vy 100 gallons, Permate at 
pound plus i the recommended (juantity of Microjiized Sulfur, No. 604 
at I pound or at ^ pound i)lus ZnSO.,-lime .4-1, and Isothan Q -lo (lauryl 
is()quinolinum bromide) at 1-1,000 (1 5,000 active ingr(Hlient) ecpialled the 
standard Avettable sulphurs in providing protection against seab. He 17o 
(disodium ethylene bisdithioearbamate) as used (0.45 to 1.8 pounds per 100 
gallons) either alone or in combination with zinc sulphate-lime failed lo 
provide satisfactory control of apple seal). 

The scab control in the Noav Jersey experiments was in the same ovdev as 
those in Delaware, with the exception that No. 604 at the l-])()und dosage and 
Isothan Q-15 dropped to slightly below tlie efficiency of a wettable sulphur. 

In an experiment at Cheswold, Delaware, designed to compai'e the eradi^ 
cant value of Puratized N5 X with liquid lime-sul])hur, Rome trei^s with scab 
on th(‘ foliage ami fruit Avere either left iinsjirayed or Avei*e s|)i*ay(‘(l Avilh 
linie-snli)hur or Puratized No- X. Puratized No- X, at 1-1,000 and 1-2,000, 
had eradicative properties ai least equal to those of Jime.-sul})hur: only O.o 
and 10.5 per emit of fruit Avas infected aftor Puratizi^i treatment, 17 per cent 
after lime-sulphur spray, and 97 per cent on tcees without treatment. 

In experiments in New Jersey during the last 3 years on the Stayman 
variety; Thiosan (tetramethyl thiuram disulphide) at ^ pound in 100 gal¬ 
lons, Permate at f pound, and lead dimethyl dithiocarbamate at ^ pound 
have given excellent control of Brooks’ fruit spot (Table 1), Avhen used at 
the 17-, 27-, and 37-day (after petal fall; applications. Trees sprayed with 
these materials, used A\ith or without oil, have been remarkably free from 
s])ray injury. In 2 of the 3 years that Permate has been used during the 
early cover spray period, lime in combination with this material lias not pro¬ 
duced any more russetting than has Permate Avtihout lime. In 1943, Iioav- 
e\ m., the combination ol lime and Permate Avas more pliytocidal, as judged 
bv fruit russ<‘tting, than Avas Permate alone. Where No, 604 was used Avith 

1 Journal Series i>;n)er of tli(‘ Xew Jer.sey Agri.Miltnral Experiment Station, Rutgers 
luiiversity, Departinont of Plant 1‘a.ttiologY. 
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TABLE 1.— Control of Broolcs* fruit spot o?i Stayman apple at Vinccntown^ New 
Jersey, in 1942 and 1943 


1942 


1943 


Pounds of materials used in 100 gallons Fruit free 
of water® from 


Fruit free from 



Fruit spot 

Fruit spot 

Eussott 


Per cent 

Per cent 

Per cent 

Lead dimethyldithiocarhamate, lime, 2-3 . 

Tctramethyl thiuram disulphide, lime, 2-3 . 

Formate, lime, 2-3 . 

99.0 



98.7 



98.7 


. 

do , n . 


98.5 

97.0 

do , 1 . 


97.5 

94.7 

do , lime, f-3 . 


98.1 

84.6 

Bordeaux, ^-4. 

94.9 

87.3 

90.7 

do , ^-4-H Coposil, i . 

97.1 

96.8 

92.1 

Lime, 3 . 

75.0 

61.6 

97.4 

Micronized Sulfur, lime, 4^-3 . 

75.8 

62.5 

92.6 

(hiech, not sprayed . 

12.9 

r>,6 

94.0 


® All spray eonibinations carried 3 lb. of lead arsenate in the 17-day and 2 lb. in 1 
27 and 37-(lay applications. A summer oil emulsion was used at the rate of 0.75 per ce 
in the diluted spray at the 27- and 37-day applications. 

oil, excessive injury oeeurred. Oil was used witli Puratized N5--X, Isotb- a 
Q-T5, and He 175 durinji; P)45 without inereasing the injury to apple foliage 
or fruits. The coiuhi^iation of Puratized N5-X with oil was very toxic, how’- 
ever, to poison ivy growing under the trees. In Delaware, No. 604 and oil 
produced excessive injury to Pome, whereas injury was slight with Pura¬ 
tized N5-X and oil. —Robekt II. Daines, Associate Plant Pathologist, New 
Jersey Agricultural Experiment Station, Rutgers University, New Bruns¬ 
wick, New Jersey, and S. L, IIoppeksteau, Associate Researcli Professor in 
Plant Pathology, Delaware Agricultural Experiment Station, Newark, Dela¬ 
ware. 

Eing-llot-Like Symptoms Produced hy Soft-Rot Bacteria in Potato 
Tuhers.^ —In 1944, many potato fields in Minnesota were flooded by heavy 
rains at harvest tiuiC, resulting in various types of decay, both in the field 
and in storage. 'While the effect of water on tuber decay was being studied 
in the laboratory, symptoms similar to those of bacterial i*ing rot {Coryne- 
hacteriuni sipedonicurn) were observed. (See figure 1, B.) Soft-rot bac¬ 
teria {Erivi/nia carotovora) appeared to be the cause of the symptoms which 
had liot been seen j^reviously, or at least not recognized, in the field or on 
stored tubers from flooded fields. 

Certified seed stock of tlie Cobbler variety, which had been stored for 
approximately seven months under optimum storage conditions, was used 
in the original experiment. The tubers were submerged in water held at the 
constant temperatures shown in figure 2, and were removed from the water 
and examined at the time intervals indicated in the same figure. 

1 Pa|)er No. 2252, the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 
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. ^ Kvmptoms prodiip^'d by soft-rot b.'ictcria in tulior of Cob- 

bier ; L. J>Meterial-riiig-rot symptoms produced by Corynchacteriifm sevedonienm iu the 
same varjety. 


Figure 1, A, illustrates the syniptoiiis, wdiieli resemble those of rino- rot 
in tliat the tissue in the rejjrion of the vasenlar rin;r decays and this causes 
the ('ortex to separate easily from tlie Kaedulla. In the earlier stajtes of 
l)reakd()vvM the infection in tlie vascular area )*adiates away from tlie stem 
end and Irom the eyes of the tuber, indicating* that infection occurs at these 
points. When a slight pressure is applied to a cut tuber, a white to cream- 
color ooze exudes from tlie infected portion of the vascular elements. This 
ooze, however, is lighter than that associated Avith ring rot and is creamy 
rather than cheesy in consistemw. A Avater-soaked area extends on botli 
sides of the vascular elements as seen in figure 1, A. The relation of tern- 
peratiire and length of time flooded to the occnrrejice of this type of vascidar 
decay is indicated in figure 2. 

The experiment was repeated, using again the (\)bbler variety from the 
same source, certified seed stock of Bliss Trinm]d) which had been’ stored for 
the same period of time, and immature Bliss Triumph tubers from Texas 
wliich Avere obtained on a local early spring produce mark<'t. The residts 
AAitli tubers of the Cobbler A'anety Avere the same as those rej)orted in fig- 
uie 2, the stored .rriumph tubers responded similarly except that theA' 



39- 

C 

0 

0 

0 


33- 

0 

0 

0 

© 


?7- 

0 

0 

0 

0 


24 r 

0 

0 

0 

0 


21 h 

0 
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1 iitiT-i-otdike symptoms in tubers of (’obbler. 








19461 


PlIYTOPATHOLCKncAL NOTES 


239 


ai)pearc(i to be slightly more susceptible to infection than the Cobbler. The 
symptoms appeared in the new Triumph tubers 48 hours after being ob¬ 
served in the stored Triumph tubers. 

All isolations from affected tubers have yielded (»ram-negative bacteria 
of the Erwinia soft-rot gi*oup. Thus it appears tiiat soft-rot bacteria, in 
|)otato tubers which are subjected to the conditions described, may i)roduce 
symptoms resembling those ])roduced by the bacteidal ring-rot organism.— 
K. S. Davidson, Univ(U'sity Farm, St. Paul, Minnesota. 

Sclcrotium. Hof of Potato Seed Pieces.—Scterotiuni rolfsii Sacc. was 
found attacking ])otato seed pieces in a field near Hastings, Florida, in 
Mar(*h, 1945. Cabbage had been grown in this field during the winter and 
after that crop was removed the field was planted to potatoes of the Sebago 



Fj( 1. 1. of Sclcrotium rolfsii growing in seed piooos which had been u;itu- 

ralJy infeen'd in the tiehl (A\ mid typical mycelinm and sclerotia. of S. rolfsii on a. 
natuirdly infected piece held in a moist chamber for 5 days (B). 


variety on February 15. The soil was extremely dry wlien the potatoes were 
planted and it remained dry until the latter i)art of Mar(4i as no rain fell 
to wet it and t he field was not iri-igated. The see<l gei*mina.ted poorly. Some 
])ieees failed to prodm^e sprouts or roots while others forituMl a few roots and 
clusters of sprouts similar to those seen on sprouted tidiers in storage bins. 
The tips of most sprouts shriveled, died and turned brown in the hot, dry 
sand as soon as they emerged from the soil and were exposed to the sun. 
When seed pieces were examined, one month after planting, approximately 
4 of each 10 were affected with a rot which originated on tlie cut sides of tlie 
pieces. A white mycelinm resembling that produced by S. rolfsii was found 
in decayed holes in the pieces. Mycelinm grew very rapidly on decaying 
j>ieces placed in a moist cliairdier (Fig. 1, A), and typical sclerotia of S. 
rolfsii formed on one piece kept in the chainber for 5 days (Fig. 1, B). 
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Bits of tlie iiiyeeliiiiri of tlie orj^anisni were takeji from tlie rotting’ pieees 
and j)la<*ed in contaet with liealed and non healed cut surfaces of seed pieces 
wlii(*]i were then planted 2 inches deep in sajid in 8 flower pots. Four pots 
were watered and four received no water. Wiien examined 7 days later, 
small decay(‘d areas wei*e found in inoculated piei'cs in dry soil, but the 
pieces in wet soil liad been almost completely destroyed by rot. Character¬ 
istic mycfclium of S. rolfsii was present on ])ieces removed i'l-om wet soil and 
when one of these was held in a moist ('hainb(*r for one W(‘ek, Ihe fungus pro- 
du(*ed abundant s(*lerotia. My(*elium and sclerotia also wei*e found in the 
dirt and on inoculated pieces left in dry soil for 2 wei'ks. Ilt^aled seed pieces 
became infeided as soon as the freshly cut i)ieces when the orjianism was 
placed in contact with the cut surfaces. The flesh of aft'e(rt(‘d pieces was soft 
and white in decayed areas but no offensive odor was ])resent. 

A s(derotium rot of tubers caused by )‘olfsii (X'curs throimhout the 
southern states’*-’^ but, so far as knowJi, this is the first ix^port of the natural 
occurrence of sclerotium rot of seed pieces in the field. Edson and Shapova¬ 
lov^ recorded rotting- of seed which had .been inoc'iilated with Sclrrotlinn 
rolfsii ])rior to planting’', but they did not report findinji’ any seed pieces 
which had been naturally infected with the disease in the field. 

The causal organism is bein<»: reported under the name of tlie vej^^etative 
stajre because no basidial stapre was found associated with the disease and 
no very clear-cut characters have been reported for sei)aratin}»* Corfieivm 
rolfsii (Sacc.) Curzi and T. ccHtrifinjum (Lev.) Bres. in th(‘ vej^t^tative 
stajre.—A. H. Eddtns and Ekdman West, Aj^ricultufal Experiment Station, 
University of Florida, Gainesville, Fla. 

1 Eddins, A. IT, Iliseasos of plants in tin* UjiiUxl St-Uc's. V. S. Dept. A^r., Plnnl 

Pis. Kptr. 25: ?»54. 1941. 8ii]>pl. 119: 241. 19.‘>9. Sn])])l. 128: 29(1. 194(1. 

2 McClintook, .T. A. A tuber rot of Irish pot.xtoes. Term. .Vj^r. Exj», St;r. Pire. .‘12. 
;i9;5o. 

Weber, G. F. South^'i-n blij,Uit, Corticinm ro1f,sif, on ]>ot:Uo 1nl)ei*s. IMivioi»ntb. 
33: Oin-fn?. 1943. 

4 Edson, IT. A., nnd M. Shctpovalov. Pani.sitisni of SrJcnttium rolfsii on Irish ]>(»t:i- 
toes. dour. Aj^r. Kes. | G.8. | 23: 41-4(). 1923. 



LEON HATCHIG LEONIAN 
1888-1945 

C . K . O R T 0 N 

Dr. HatrJiiji- Ijeoiiiaii was bom at Van, Arimaiia, February 27, 1888, 
and received liis secondary edncatiun tliere. He eini^rated to the Diiited 
8lat(‘S at the ajic of 20, where h(‘ worked I'oi* a few years in New York and 
in Jletroil. 

He was ^Tadnaled fi-oin the University of KentnckA' with th(‘ D.S. d(**»ree 
in 19 1 () and from the University of Aliclii^an with tlie dejiTce of M.S. in 1917. 
Following* a year as Assistant lt(‘s(‘ai‘c}! lIorti(Mdtiirist at Ul(*inson College 
and a ])eriod as Assistant Professor of Uotany and Plant Patholojiy in the 
New Mexico State U(dleoc and Exijeriment Station, he returned to the Uni¬ 
versity of Michijiau. Tl)ei*c lie studi(‘d M\<'olo<:\' under Kaiifmann and 
nM'cived the Ph.J). (h^jiiree in 1922. That year he was a|)})oiuted Assistant 
l^lant Patholoj.;ist in the Golle^e of Agriculture and Kxpei-inuMit Station at 
West Virginia liJiiversity. Here he beeauH* Professor of Mycolojiy and 
M\*colo^‘ist in the Experiment Station in 1936, the position he held to the 
time of his deatli, flune 7, 1945. 

Professor LeoniaiUs early work was (Unvoted to the study and control of 
]>laut diseases, parti(Milarly those* caused by tin* dovuy mild(‘ws and by the* 
Fusaria. His ti'aiiiin^- and his exjieriences with the behavior of fiinji'i led 
him into more detailed studies of the physiolo<:*y of fun^i, studies whiedi 
bee*ame his major research pro<iram during his last fift(‘eu years. His work 
on the iuflu<‘uee of ^I'owtli and sexuality faedors in funjii and on growth fac¬ 
tors for baederia was productive of a lon<»’ series of publi(*atious in ranking* 
scientihe journals. 

Dr. Ijeoniau was highly individualistic, always interested in living- 
or«»anisms, tlieir habits of dtuelopment and reproduction, tlieir jirowth and 
metabolism. He was never interested in dea<l speeimens. He abhorred the 
herbarium. To him taxonomy by the accustomed method of studying;' her¬ 
barium specimens wfis a ‘»;r<*at waste* of time. His ultimate aim was to dis¬ 
cover as many i)ot<*ntialities as possible of those li^'in‘»• ori^anisms in which he 
was iiarticularly iutcrt*sted. His later association with Dr. V. G. Lilly 
enabled him to delve deepen* into the fie*lel e)f miuen*al and vitamin metabeilism 
of several i*rou]>sof leiwer or^mnisms—work which Avas ]>re)eluedive of several 
new cemtributieins te) seutmee. 

As an avocatiem he became intere*steM in the* breeelin^* of delpliiniums, elay 
liliie\s, and oriental peifipie's, aediievin<»' outstanelin^- results fre>m hybridiza¬ 
tion. Se^eds freini his “Lyemdel Gardems’' justly reM‘eiveel inten*nationa1 
acclaim. With Ids ability as a speaker anel as a flow’e*r bre*e*de‘r, he was much 
in demanel as a spe*aker at garden club e*onAnitions in a se\'eral-state area. 
For many years lie edited tlie Delphinium Yenir Ihiok anel in 1935 published 
'^IIow^ to Grenv Dedphiniums” in book form. 
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As a tea('h(*r liis know lod^^e, his ready wat, and his syinpathetie under- 
stain lin*'* of their problems made liim a favorite with his students. In tribute 
to his interest in the w^elfare of students, his friends and assoeiates iiave 
established a Student Loan Fund in his memory. 

A lar{.>*e host of friends and asso(*iates w ill renn'inber for their life-time 
his frank ways and genial smile. 

PUBLICATIONS OF l.EON IIATCIIKJ LEONIAN 

Fu.sjoiiim wilt of rlnlo i)oj)]»i‘r. N»‘\v Mrxico A^r. Kxp. Stfi. l:>nl. VJl. 11119. 

Studios oJi tlio Vals.M applo oankci- in N(*vv Moxieo. J^liytopaMi. 11: 237-242. 1921. 

St(‘m .and fruit hliglit of j)c]>ju‘r (‘.aus(‘d Iw' J^hifluphUiora capsid sp. nov. Pln’^topatli. 12: 
401-408. 1922. 

Tlk* pliysiolof^y of pcrithooial .and ]>v<'nidial format ion of Wilsa h ucostonui. IMrvtojnatb. 
13: 257-272. 1923. 

A study of factors promotiiij*; pvcnidium-fonnation in some Sphacro])sidalos. Amor.’‘Jour. 
Uot. 11: 19-50. 1924. 

IMiysiolo^^ical studies on tlie ^uanis rhiffophihara. Anna-. Jour. Hot. 12: 444-498. 1925. 

'I'lm morjdiologv and tin* p.atlio^enicitv of som(‘ l*Iivto]>htliora mutations. vtoj)atli. 16: 
723-730. 1926. 

The (‘ffeet of diffenmt hosts upon tlie sporan^jia of som(‘ Fhvtophthoras. Phvto]»ath. 17: 
48.3-490. 1927. 

Studit's on the vari.al)ility .and dissoci.ation in the jjenns Fusarinni. JMiytopath. 19: 753- 
8(18. 1929. 

(Comparative v.alm* of the size of Pliytophlhora sporan^^i.a ohtained under standardizial 
conditions. .lour. A^r. l\‘(‘.s. | l^H.] 39: 293-.31I. 1929. (With M. P. (litEEK.) 

1 )iff('rent ial growth of l‘hvtophtiioras under the action of mal.acliit(‘ green. .Anna’, dour. 
Pot. 17: 671-677. 1930. 

Att(‘in]>t to induce iniNocirimaera in Fusarium \)a)niVifarm<‘. l*hvlo})ath. 20: 895-901. 
1930, 

lleterothallism in T*lii/faphlhom, lOiytop.ath. 21: 941-955. 19.*n. 

'fhe effVet of jiositioii of the inoeulum n])on the growth of some Trichaphplans in th(‘ ])re.s- 
eiice of dyes. .Aieh. Derm, .and Syph. 26: 1016-1020. 1932. 

Tile pathogeni<'i1y .and the v.arialiility of Fusarium mavUiformr from corn. W. A'.a. Agr. 
P.xj), St,at ion Pul. 248. 1932. 

Identification of PhifhtphtfKua s])(‘cies. W. Va. Agr. Kxj). Sta. Pul. 262. 1934. 

The (‘ffeet of auxins upon rhuhrphthora rnefonnn. .loni’. Agr. Res. | TT.S. | 51:277-286. 

1935. 

<'Oiitrol of sexual ri-jirodiict ion in VlmlopUtliota cadarain. Anna’, .lour. Pot. 23: 188-190. 

1936. 

3’lie efi’eet of auxins from some gre«ai algae upon l^hplophfhora cactortnn. Pot. (Jaz. 97: 
854-859. 1936. 

Is hetiaoanxin a growth ]>romoting snhstaiiee? Amer. .lour. Pot. 24: 135-139. 1937. 

(VVitli V. (1. Li Lie.) 

P.artial |>urification of ,a yit.ainin like substance wdiicli stimulates sexual reproduction in 
cert.ain fungi. Amer. rloiir. Pot. 24: 700-702. 19,'J7. (Witli V. (1. Lilly.) 

Stu<li(‘s on th(‘ nutrition of fungi. I. 3'liiamiu, its constiluents and tin* souiC(‘ of nitro¬ 
gen. Phytopath. 28: 531-548. 1938. (AVith V. (L Lilly.) 

Studies on the nutrition of fungi. JI. Effect of the inoculum on the growth of the 
colony. Phytoiiatli. 29: 592-596. 1939. (With AL (L Lilly.) 

Vitamin P, in soil. Science 89: 292—293. 1939. (With V. (1. IjILLY.) 

Studi(‘s on the nutrition of fungi. HI. Auxithals syntliesized by some iilaimaitous fungi. 

IMant Physiology 15: 515-525. 1940. (With V. G. Lilly.) 

Studi(‘s on the nutrition of fungi. TV. Factors iiifliKaicing the growth of some tliiamin- 
requiring fungi. Amer. .lour. Pot. 27: 18-26. EDO. (With V. G. Lilly.) 

Studies on tlie nutrition of fungi. V. Factors affecting zygosjiorc fortnation in Php- 
rom tfccs hlal'tslt ranus. Amer. Jour. Pot. 27: 670-675. 1940. ( WTth V. G. Tjlly.) 

The growth rat(‘ of some* fungi in the [iresence of cocarboxylase, and the moieties of 
thi.amin. Proc. \W \’n. .Acad. Sci. 14: 44—49. 1940. (W. Tlniv. Pnl. Ser. 41, 

No. 4-11. 1940.) (AVith V. G. Lilly.) 

Factors affecting the yield of some thiamin-requiring fungi. Proc. Third International 
(k)ugress for Microhiology, New A'ork, 1939. pp. 496-498. 1940. 

Some factors aft'ecting the dry weight of ChlorcUa vulfpiris. Anwr. Jour. P»ot. 28: 569- 
572. 1941. (AVith A", (i. Lilly.) 
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Tho (‘ffct't of vilfiniiiifs on ton strnins of Saccharomjfcrs ccrri'isiar. Amor. Jour. Hot, 29; 
4r)9-4()4. 1942. (With Y. G. Lilly.) 

Vitamin svnthosis by a ^'oast oonv(*rto(l from a hetoi'otropliio to an rnitotropliio liabit. 

Soionoo 95: b58.‘ 1942. (With V. (L Lilly.) 

Tho “unknown factor” in tlu^ growth of S(i(‘rhanmyrr,'< (u'rrrisiar. Jour. Baot. 45: 
191-192. 194:{. (Witli V. (i. Lilly.) 

I)i(bio(‘(l antotrophism in voast. Jour. iLiot. 45: .429-'-.4.49. 194.‘1. (With V. (1. Lilly.) 

Tlic oifoot of pH on tho availalntit v of p aminoljonzoio acid to Xcnrosifora rrassa. Soicmoo 
99: 18-19. 1944. (Witli ().‘ Wvss and X. (L Lilly.) 

Tlio anti biotifi offoot of dosthiobiotin. Soionoo 99: 20.5-201). 1941. (With V. (b Lilly.) 

Yitrog<‘n motal)olisni in Snrritannuycts rcri visiae. Proo. W. Va. Acad. 8oi. 16: ()0-70. 

1944. (W. Ya. I’niv. Bui. Hor. 44, No. 9-1. 1944.) (With V. G. Lilly.) 

(’ouvi'i’sion of dosthiobiotin into biotin or biotin-liko snbstanoos l)y somo mioroorganisms. 

Jour. Baot. 49: 291-297. 1945. (With V. G. Lilly.) 

A (juantitativo oomparison of biotin and dosthiol>iotiu for tho growth of oortain mioro’ 
organisms. Broo. W. Ya. Ao;id. Soi. 17: 5.5-01. (W. Ya. Vniv. Bnl. 8er. 4.5, No. 

lO-I. 1945.) (With V. L. Lilly.) 

Tho com])arativo valiu* of dilforont tost organisms in tln‘ rniorobiologioal assay of B vita¬ 
mins. Vi. Va. Agr. Bxp. 8t.a. Bnl. 519. 1945. (With V. G. Lii-LY.) 

4’iio iut«'iTolatioiiship of iron and ocM'tain aooossorv factors iu tlio growth of Khi/obium 
trifolii, str.ain 205. doin’, liact. 50: d85-’>95. 1945. (With V. G. Lii.LY.) 



JHrLODlA EOT OF ONIONS 


( r L E N 15 . li A :M S E Y , 1 15 A R B A R A C . IT K I }i E |{ (i , - A N 1) 

.1 A M E S 8 . W IAN T J 

( for jmI)li<*Btioii OfIoIhm* 1(», Jl>4r> ) 

A (li'v or Jealluvry rot of Texas-«»ro\vu Crystal Wax onions ('ansed by a 
spei'ies of DipJodta was first found on the Chiea<»() market in June, 1038 (5), 
and on the New York, N. Y., market dnrinji- ttie followinj^’ season. TIio dis¬ 
ease* has be(*n observed from time to time earh year sine'e then and was unusn- 

ally prc'valent on l)otli markers dnrinj»- 1944. The (leeway has been found only 

nn Texas-<Ji‘rown onions and only on the white varieties. Colored onions 
s[di)ped from Texas durinji: June* do not show the disease. AIthon<.»h as hi^h 
as 25 p(*r cent of some lots of white onions have been alTeeted, ordinarily tin* 
losses fi’om Diplodia rot are not of j*reat ee'onomie* inijanMain'e. Ilowev(*r, 
the })lae.k dise'Olorations j)rodiie(*d are (considered serious l)lemishes on white 
onions and the market A alne is r(‘due(*d ont of j)ro[)oi‘tion to tlie aetiial d(‘eay 
present. 

On mark(*t onions the eliaracderistie sym])tom of this disease is silvery- 
^ray to bhnek diseoloration of the outer <h*y scales about the u])per half of 
the bnl))s ( Fi^i'. 1, A H, C). 0(*easionally the dry s(‘ah‘s all over the onion 
an* discolored 1, F, C)- In many onions d(*a(l and dyinj;’ portions of 

the ontei* fleshy s(‘ah‘s are also invaded and become black and leathery (Fi^\ 
i, 1>, I.)) but tlie su('(cnh*nt livinj^- j)art of th(*se s('ah*s is not invad(*d. In the 
more advanced stages black pycnidia sinjily (u* in ‘i’rou])s of two or three arc 
visible on dead scales ( Fi<j\ 1, C, F, (i). Mm'li of the mAa^elinm that causes 
the dark discoloration is on the surface of tin* outer di*y s('ale and between 
this scale and the first fleshy scale (Fijir. 2, A, B). No decay of the internal 
flesliy scales lias ever b(*(‘n obs(U'ved. 

Isolatioiis from the disi-olori'd dry out(‘r scales and from the dyin^' tips 
of the first fleshy sf-ales at the neck have consisteiitly yi(‘ld(*d a sp(‘cies of 
Dipladia. TIu* sp(;n‘s produced are for the most part on(‘-celh*d and hyaline 
( Fijr. 2, C), but with aji'(* a lii.ub proportion of them becoim* brown, striated, 
and 2-('elled (Fiji'. 2, I)). S|)oresol)tained from pycnidia on onions and tliose 
prodiu'ed in pure cultures usually ranjie from 10.2 to 17.7 > 20.0 to 28.4 p, 
av(*rajiinji* 12.8 > 2.5.0 [i. Neither in pure ('ulture nor in diseased onioji tissue 
has a per*f(*ct stape be(*n observed. 

On potato-dextrosc-ajiar plates the mijiimum tempei*a1nre for jiTOAvtli of 
tlie funjius was 50'' F.; the optimum 85'^’; and the maximum 104 

In jrlate cultures the onion Diplodia Avas com])an*d Avith 12 other isolates 
(d* Diplodia from six different liosts, jiamely, avocado, cocoanut, oranjii*, pea¬ 
nut, sweet potato, and watermelon. Althoujili variations in character of 
ji'rowth and in spore measurements Avere observ(‘d, in no instance did they 

1 S(‘ni()r PjitlKUofiist, SruTititir Aide, ■'« Assoeiate Patliolcjjrist, Division of Fruit and 
Wjrt.tnhle Crops and T)is(*ases, Jtureau of Plant Industry. Soils, and AjrrienUural Kngi- 
ne(Minfi-, Ajrricultural I?es(*airli Administration, V. 8. Department of Aai’iculture. 

245 



246 


l^IIYTOPATHOLOGY 


[VOL. 36 



Fkj. .1. Diplodiji rot of onion. A, B, C. Tsotiivnlly infc'ctcd wliilo onions with typi¬ 
cal discolojatioii and decay as noted on the market. T). Li‘athery type of decay on dying 
enter fleshy scales of naturally infect(*d white onion. E. Discoloration of dry scales at 
neck rf onioii scuMlIing resulting from artificial inoculation. F, (1. Advanced stages of 
discoloration of outer scales (>f naturally infected white •)niou. Pytundia are abundant 
in (F, and G. 
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ajipear to be of sufiHcoent iiiiportauee to iiulieate that distiiiet spe(4es were 
involved. 

The onion Diplodta has been piwen i)atho‘i'enie to sweet potato, apple, 
and oranj^e by means of inoeiilation experiments. Apples inoeidated thronjili 
a side wound developed an extensive brownish-blaek lesion within a week 
and ultimately tlie Avbole fruit was eon vert e<l into a blaek, moderately hrm 
mummy. Pyeiiidia were formed in the peel and the internal tissues were 
full of lar^e hy])hae t\’i)ieal for Diplodia. Stem-end inoeulations of oranges 
with tbe onion Diplodia j)rodueed tyj)ieal stem-eud-rot symptoms identieal 
with those produeed by />. nalalcnsis from oran*»'es. In other ('ross-iiioeula- 
tion studies isolates of Diplodia from onion, watermelon, sweet potatoes, and 



Fui. 2. Diplodia jortah ttsis from onion. A ;ind Ti. Hv|)]ino on and ])ot\v(H‘n onlor 
scnlos of vvliitc f)nion bnlhs. 100 - jjnd :ilo x, rcs]H‘(div(*lv. P. Young I roll hyaline 
spoies. I’lo x. T). f>;')wn, striated 2 eell spores. 215 -. 


oranges j>roved pathogenic' when inoculated in sweet potatoes. A dark 
brown. Fairly firm, moist dec/ay with a sharj) line of demarcation between the 
diseased and healthy tissue, (diaracteristic of Jrva Itlack Rot in sweet 
])otatoes, was |)roduct*d in cat'll instaiu'e. 

These results arc in agreement with those of othej*s (1, 2, 6, 7) who have 
shown that strains of Diplodia from a wide variety of i'i*op plants are similar 
morphologically and produce similar symptoms wluoi (‘ross-inoculated on a 
number of different host plants. 

On the basis of the present studies the writers ('onsider the onion Diplodia 
to be a strain of Diplodia nalalciisfs Pole-Evans. 

The invasion of onion by Diplodia always appears to be limited to the 
dead outer scales and tlie dying fl(‘shy scales at the neck and down the side 
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of the oiiiofi, thus iiidieutinj^* tluit tlie t'nn*»us is sapropliytic* or only weakly 
jairasitie to onions. Some j»rowth of the fnii^ns was obtained Ijy inoenlatiii.t*’ 
the dry seales of a youn^' onion plaut just al)ove the bulb and lioldinji’ it in 
a moist ehamber at 75^" F. foi* ten days (Fiji’. 1, E). Tiie oidy j:i*owth ever 
obtained in the fiesliy seah^s was in wJiit(‘ peeled onions that Jiad been di|>ped 
in boiliiiji' water lonji* enonjili to kill the tissues of the outer seales. All 
attem])ts to prodm^e deeay by inoculatinji* flesli\' siu'eulent seales of wliite, 
yellow, and r(‘d onions have failed. This is in line with observations of this 
disease on market ojiions. 

In view of the faet that jiTowth of this Diphnlia seems limit(*d to white 




I’lG. ;i. Dlplndiav i’vov.i i.nioii. hind.M dr.-twinfrs riiT.') , ) F Snoivs 

plnsinoliml hy juire of flosliy st-olcs. P. Xonuj.l jionniii;ition of spoiv in (i. Ah 

noraini rmiiiatioTi in a wato? oxtracd of dry coIoimmI onion sralos, with hnrstintr of spores 
and oxtrusion of oonTcnts. H. Spoiv Kenninatea in i.resonco of drv white onion scah-s. 
1, d, and K. Atmorrual ination in watrr oxtr.aHs of vollow, hrown, arnl ivd soalos 

r(\s]MM*tiv(‘ly, ‘ 

onions it was doeided to clicck tin* ceaclion of this fnn>>iis to the coloc |)i>^- 
laents in vollow, hrown, and ml onions to dotcrniino wlicthcr they wero 
responsible for tlie apjiarent inmninity of colored onions. To do this a sus¬ 
pension of Diplodia spores in sterile water was made and drops of the snsi.en- 
siou wer'‘ placed on sterile cover slips. AiMiroximately 4 sq.mm, of colored 
or white onion scale was placed in these drojis and the slips were then in¬ 
verted over Van Tiechem cells. Droj.s of the spore suspension placed over 
Van TieKhem cells without the aildition of onion scale were used as controls 
All cells were allowed to stand from 18 to 24 hours at room temperature and 
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then (founts ot ^orniiiuiti'd spores were made. Rrom ('oiints of over ROOO 
spores for eac'li type oi sc'ale used, if was found tliat 92 |)er (fent of tlie spores 
germinated in flu* eoi.tr'vl cells, 94 per cent in tlie presence of the white 
scale material (Crystal AVax), (Sh per cent with the yellow scale (Yellow Ber¬ 
muda), and (iO per cent with the rvd scale ((^alil'ornia Red). The J4erm tubes 
))r()dnced l)y spoils in the presonf'C of the white s(‘ale tissue were normal 
( Fi^‘. 8, 11), whereas those pj*oduc(Ht in the pr(‘sence of yellow and red scale 
tissue were abnormal. 'rh(*re were no normal ‘i'Oimi tubes in the presence of 
any (-olored scale material and about half of the Mn^erminated spores burst 
and extruded their cyto|)lasm 3, (i). TJie jicrm tubes that were devel¬ 

oped wen* shorter, thi('kei*, more branch(‘d, and more* s(*ptate than normal 
( Fi*^*. 9, J, J, K). Tin* ^ei-m tubes that develo]>ed in the controls and in the 
pr(*sen<fe of wJiit(* scale tissue were lon^- and slender with few cross Avails and 
little braiK'hin^' (Fi<:’. 9, F, H). The reaction of this fun‘»Tis to the pig¬ 
mented onion s(*ales is \(*]‘v similar to tliat of (^ollvioirichuni circinam 
( Berk.) Voglino as j'cported by Walker and otliers (8, 9, K), 11). 

The (*tlVct of water extracts of pigmented onion scales on spore germina¬ 
tion of I)ipl(f(li<i was t(‘sted in many exp(*riments. Except tor slight vari¬ 
ations, tin* rt'sidts obtained Avere usually similar to those jirst rei)()rted. 
Jlowev(*r, it Avas noted that the d(‘gr(*e of pignu*ntation (yellow, broAvn, or 
red ) indiieiK'ed tin* (diaraidei* and amount of g(‘rmination. The more coinfen- 
trated the |)igment, the less tin* germination and the moi'c abnormal tlie g(*rm 
tubes prodin^ed. Tin* watei* (*xtract of dark scales ot Australian Brown 
onions inhibited sport* germination to a greatt'r degi’ee than the (*olored scales 
of any vai’iety t(*st<‘d. It was also not(*d that the spores farth(*st from the 
s(*ale })article in the hanging drt)]) had more nearly normal germination and 
groAvth than those nearest it. The indications are, therefore, that some 
tdieniical substani'C assotdaled witli the pigment in the dry outer scales is the 
prin('ij)al inhibiting agent tor D'lplad'ui. In view of the Avork of Link cf al. 

( 9, 4), it i'. assumed that this {*lu*mical is jumbably protocatecliuic axdd. 

SiiKH* tlie intei-nal tl(*sliy bulb scales of neither the Avhite nor colored 
varietii's of onioe are invaded by Diphuha it seemt*d d(*sirable to test the 
(*tfects ol' the |)r(*sence of bits (»l‘ fleshy scale of Avhite and (colored onions on 
s])ore germination. This was (hme by jdacing a 4-S(j.mm. piece of fleshy scale 
in a. hanging-droj) wati'i' susp(*nsion ot s])or(^s in Van Ti(*ghem cells, and also 
by (‘.xpr(*ssing the juice, diluting it in a spore* snsp(*nsion in sterile water, 
and obserA'ing in hanging drops. Although the sj)or(*s germinated in the 
dilute juie'C exuding from bits of fl<*shy scales and in diluti* juice extract oi 
all varieties t(*sted in the lianging drops in Van Tieghem cells, at liigh(*r 
concentrations of juice*, germination was abnormal oi* totally iidiibited and 
many of tlie sport^s Avere plasmolize*d (Fig. 3, E). In an experiment in Avhich 
the* fre*slily extracteHl jidct* from flt*shy s(*ales AA'as used in a one to one dilu¬ 
tion Avith a water suspension of sp()re*s 2 per cent germinated, Avhereas at a 
1 to 5 dilution 7 pe*r e'cnt germinate*d ; at 1 to 10, 10 per e*(*nt, and at 1 to 20, 
f)2 per cent. In the e'ontrols ()1 per cent germinated. The inability of 
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J)ipl()(iia sport's to <>eriiiinate norioally in onion jiiire probably acH'ounts for 
the fat't that no invasion of fiesliy wonntis has been found in onions on the 
market. 

In an attempt to determine whetlier or not the vapoi’s from f1(‘shy scales 
would inhibit j»row'th of Diplodia, Petri-dish (odtnres seeded with spores 
were turned upside down and into the lid was introdvieed the freshly ex¬ 
pressed eoiK^entrated jniee of a red onion. Practically all of the s|)ores 
”;erminated and a normal j»rowth of Diplodia was ])rodnced within 24 hours, 
thus indicatinjr that the j^roAvth of Diplodia is not inhibited by volatile snb- 
stam^es ^dven off by the juice of fleshy s(*ales. 

Th(* hydrt)j>en-ion concentration of water extriicts fi*om white, yellow, 
and red dry si'ah's and of the ffeshy innei* scab's of three varieties of onion 
(Crystal Wax, Yellow Bermuda, and California ]d*d) was determined in 
order to ascertain whether acidity mi^ht be a factor in limitinji* the invasion 
of onion tissue by Diplodia. The dry outer scales of each variety listed had 
a ])H value of 4.4 to 4.5. The juice of the fleshy scales was practically identi¬ 
cal for all three varieties, ran^in^* from pH,5.7 to 5.11. (hiltures of the onion 
Diplodia j^rew Avell on ])otato-dextrose aji'ai* adjusted to i)II 4.4 and 5.5 but 
developed slij»htly more slowly tlian on the same medium adjusted to pll 6.8. 
Growth on the medium at ])M 4.4 was retardc'd only slijilitly more tlian at 
pH 5.5. Since there was little variation in the acidity of the dry s<:*ah\s or 
of the fleshy scales in the white susceptible* \ariety in c'omparison with 
colored immune varieties of onion, and since* the* fungus f^rew well within 
the acid ranj»e found in the'se se*ah*s, the'.sc data indie’*ate that the ae*idity of 
onion juice is not the [irimary faedor in ])r(*ven1 ine' Diplodia from l)ee*omin^‘ 
an active de'cay-produeun^- organism in onions. 

STTMM 

A moderately serious market disease of Texas-j^rown white‘-skin Crystal 
Wax onions cause'd by Diplodia nalalotsis Pole-Eva ns is dese'rilied for tlie 
first time, (kdored-skin varietie^s of onions from Te'xas were not affee*te'd. 

Only The dead outer scales and the dyinu parts of the outer fle*shy scales 
of white onions are invaded. Xo dee-ay of living fle'shy scale's of bulbs has 
been observed and all attempts at inoe-ulation of sue-h tissues have faih'd. 

A cliemical i |)robably ])j-otocateA*lniic acid) assoe-iated witli the pi^mients 
in water extracts of the dry outer scale's of colort'd varictic's of onions iirove'd 
toxic*, to the onion-Diplodia sfinre^s. Dry scales of wliite onions do not e-arry 
this toxic aoent in suffie*ient epianlity to interfere with the germination of 
tlie spores. 

Determination of the ])II of botli the dry out(*r se-ales and the fleshy se*ales 
of white and of colored varietic's of onion shows that ae-ielity of these tissues 
is not tlie primary fae-tor in limitiiifr the ])athooenicity of the onion Diplodia 
to white varieties. 

The studies here reported and the market observations made during tlie 
past seven years indicate tliat although Diplodia natalfvsis is not strongly 
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])ath<)3L»‘(*iii(' to onioiJs, it ni«y oanso a jii-eat reduction in market vaJvie by pro- 
dneinji- slight decay and by blemisJiin^- tlie southern white onion crop. 

U. S. Department ur Aoriciiltuke, 

CnrcAoo, Illinois. 
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INFLUENCE OF TIME, KATE. AND DEPTH OF SEEDliNC ON THE 
INCIDENCE OF ROOT ROT IN WHEAT' 


F . ,1 . R K A IS 1-: Y - 

(A(‘('('])tc(l for |)nl)Hc:JtiDH OctoIxM- L’n, 

INTKODITi’TION 

(’oiiniion I'oot rot is by fni* the most widespread and d(‘stnietive root 
disease ol" Avheat in Manitoba. It attaeks both seedlinj.rs and matun* plants. 
xMlliou^'h 7/r7>a/a///as/>r;//a/// saiirian P. K. and 1>. and (n‘rtain sp(H*ies ol 
Fiisarl 1 ( 7)1 ar<" eonsidered the primary cause of (*ommon root rot, otlnu* soil- 
boi’iie fun^i ari* (‘onstantly associated with t)i(‘ iliseasc in this Province. 
Fui'tliermore, drought, poor nutrition, and otlicu' environmental hudors are 
almost invariably asso(‘iat(Ml with tlie disi^ase in lb(‘ field. 

The loss to tlie wli(‘at crop of Manitoba from common root rot is sub¬ 
stantial. For the 10-year jKudod 1028-19371, tlie average annual loss to this 
Provinc(‘ was estimated to be not less than l,fK)9,0()() bushels, or an annual 
(‘ash loss of $T,33(),00().0() for that period (2). This (‘stimat(‘, however, was 
bascMl on the r(‘sults obtained in ex])(M‘imental plots at AVinnijlej.*- and, when 
made, wfis re('o<.»nized to be extremely cons(‘rvativ«‘, as is now (ndibmt. On 
the basis of intensive systematic fiedd survews, Macha(‘(d\ (. 14) (‘stimated that, 
for the 3 years, 1939 to 1942, the annual n‘duction in yield oi‘ wheat in Mani¬ 
toba from eommon root rot was 12.1 per cent. This repi*(‘sented an avera</e 
yearlv'^ monetary loss of $3,827,000.00. 

The sim])lest and most effe(‘tiv( method of nNlindnu the los.ses caused by 
common root rot is b.v the use of varieties in whicli resistance to the disease 
has been combiin'd Avith other desirable ifualities liy the jiroeess of hybridi¬ 
zation and sele(‘tion. Althou<ih certain varieties of wli(*at art' known to be 
mu(‘h more resistant thaji others, tin* p.roblem of breedinji varieti(*s jiossessin*;' 
hit'll resistance to root r<»t is a ditficult one, and there is the |)ossibility that 
varieties wholly' rc'sistant luider all environnn*ntai (‘onditions may' not be 
obtained for a eoMsideral)le time. In the meantime, the <*ontrol of the dis(*ase 
must depend upon other prevt'idive measur(‘s such as (‘i-oj) rotation, manurial 
treatments, and cultural practice's. 

The present i>aj)er is cornau-ned Avith the iutlueiice of certain cvdtural 
))ractic(*s on the control of root rot of wheat, and rc'ports tin* ri'sults of field 
experiments, irarried out from 193b to 1944, to determine the i*(‘lation Ix*- 
tween the date, rate, and depth of seeding- of sprino- wheat and the incidein*(* 
of root rot caused by //efai/a/Aav/an'/am .saliviO)) and Fusdrinn) .v/v/;. in seed¬ 
ling- and adidt plants. A preliminary^ report on these* ex])(‘rim(‘nts has 
already^ appearcai (10). 

1 CimtritHitiou No. 827 from tlic division of P.otaiiy ;in(i PI;mt Pntliolo^n*, Science 
Bei vicr*, Depjntineiit of Afrrieulturc, Ottnwn, FjijumIh. 

Asso(‘i}ite Flmit Pathologist. 
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EX I *Eli 1M ENTaE METl IODS 


TIk* (‘X])erinients were, for tho most [uirt, at Winnipe”’, Manitoba. 
The soil at tliis station is (*lassiH(*d as a Jieavy-textiired hbu'k earth (4). It is 
a ]i(‘av>' (day, and altijonjili tln^ surface soil is faii’ly nnifonn in t(‘xtnre tlie 
sul)soil is <{iiite variable. Tlie studies on date and rale of seeding- Avere made 
on sninnier-fallowed land, and those on depth of seedinji* \v(‘re made on land 
that had b(*en (‘ropp(‘d ('ontinnoiisly to wheat for a number of years. 

The system of i*(‘|)ru‘ation used in ea(d) experiment ('onsist(‘d of 4 or H 
randomi/ed blo«d\s, eaidi (bde. rat(‘, or de])th of seedin«»‘ oceiirrint;' oikm* in 
(TU'li blo(dv. Each ])lot (*onsist(‘d of 3 nr more rows. The rows were spae(N] 

1 f(»ot apai*t. They weri^ 18 I eel lon^* in t he dat(‘ and rate of secslinir (‘xperi- 
ments, and 12 feet loim* in the d(‘|)tli of seeding- experiments. Sufifieient 
butlVr i‘ows ^^'(*re used in (xudi |)lot to eliminate border (effect. The seed was 
sown witli a V-belt liand drill. 

Data on plant em(‘r“‘en<'e and s(H‘dlin»- root i*ot wer(* reeoi'd(*d about one 
month after the se(‘d was sown. The methods, infection classes, and dist'ase- 
i‘atin<i‘ formula us(*d in obtaininj: these data w(*re those employed by (Ireaney 
( 8). Xot(‘son the incidence of adult plant r(»ot rot were taken about 10 days 
befor(‘ the plants ripeiuMl. These data were obtain(‘d as follows. The j)lants 
in one i‘nw of eaeli plot wer<‘ lift(‘d from the soil and (‘xamined individually 
to d(‘t('rmine tin* intensity of disease on eacfi plant. In ratinj^' the ])lants lor 
disease, (i inletdion classes (0 too), indicative of the amount of basal lesionin^- 
and ranoin‘^- from no lesionin^^ to plants dead due to root rot inft*etion, were 
used. 41ie amount of disease in each plot was recorded as a root-rot ratinji’. 

'Phis was ealeulat(*d from tin* formula R -“1(H), where H = root-rot 

i\ * rj 


S Slim of iiidividiiiil jiliim nd'mjrs, X inimher of plants i‘xamim‘d. 
and 5 liifrlii'st individual plant ratin'^. Dividinj-- S by N >: 5 and midliply- 
iiifi by 100 >;ivcs a ratin'; wliiclt |•(‘p'■*‘s(•nts the amount of disease in terms ot 
the maximum jmssihle lor the plot. In other words, a root-rot rating of 0 
indicates no disease and 100 a maxinnim amount of disease. 

Yiehl data were obtained by harvesting and threshing separatel.y one 
rod-i-ow of eaeli plot, 'fhe plant einergenee, di.sease, and yield data of each 
experiment were treate.l statistically by the analysis of variance inclhod. 
and the signitieanee of the observed dillerences between dates, rates, or 
depths <d‘ seeding was determined. 


EX I ’EH IM EXTAE KESl^LTS 

/-}(!/r of Sccdinn 

Itroadfoot (1), in a stmly of the etfeet of .late of seeding on the incidence 
of foot rot of sj.ring wheat caus.-.l by Ihhninihosporium sahrnn, and 
Fuxin iicm .x-pp., found that early-sown crops were more heavily mliicted wi i 
this .lisease than were late-sown cmps. Hohertson e/ „/. (Ih) ma.le a s ud.y 
of the relation of the date of s.-eding ..f winter wheat to dyv- and toot rot 
and found that infection and severity of foot rot were greatest m le tai .t 
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p]antin<rs. According to Evissell (19) spring wheat, sown early, is more 
siisec})til)le to the take-all (Ophiobolus (jraminis 8a(‘e.) disease than it* it is 
sow!i late. Kirby (13) states that late plantinj^: ot winter wheat rednees the 
ineidenee ot take-all. 

An experiment desijiiied to examine the inhneiK'e ot date ot seeding' on 
the development ot llelininthosporiiim-Fiisarinm root rot was earried out 
at Winnip(‘i»‘ in 193(). Plots ot Pentad wheat were sown at 4-day intei*vals 
iTom May 4 to June 12 (K) ])lantinjjrs). The ex})eriinent was rei)eated in 

1937, 1938, and 1939. In these years tlie earliest |)lantiim‘ was made on or 
near May 4. Thereatter, plots were sown at 4-day intervals until 10 plant¬ 
ings had been eoini)leted. The wheat variety Pentad was used in 1937 and 

1938, and the variety Mindnin in 1939. Tliese varieti(‘s ai'e siiseeptible to 

root rot. The seed vised in ea<*li ot tlie 4 ex])erinients was heavily inteeted 
with //r//>i/////nM 7 >n/*//na fn 1930 and 1937 inoi'nlnm ot ll. s(tlin{in, 

prepared aeeordinji'to tin* methods deseribe<l by MaidnuM*!; and (ireaney (la), 
was added to the rows at se(‘d level as the seed was sown. No inoenlnm was 
added to the soil in 1938 and 1939. 

■i 

Ddic of in BvloHon to Root-Rrd iS( reritj/ ond Yield 

The analys(*s ot varianee ot the ])lant emer^enee, disease, and yield data 
ot tiie date ot seedin»»‘ experinnmts are presented in tabh* 1. A hi;i»‘h decree 
ot sijrnifieanee ('an be attaelied to the ('ft*(‘(.‘ts ot dat(‘ ot se(*din^’ on ])lant ennn-- 
jii'enee, disease development, and yield. For the disease data, the nn'an 
scpiares due to tin* interaidion. dates v y(*ars, wer'e imieh greater than tin* 
error mean s(iuar(*s, and. tor tlu*se data, tin* nn‘an s(piares tor dat(*s siuniti- 
eantly exceeded the mean sipiarc^s due to the interaetion. In otlnn* words, 
the relatix^e etteet ot dale ot seedinjv on the dev(‘lo))ment ot i*oot rot was the 
same in the 4 years ot the <*xperiment. Table 1 shows that the (‘fb'et ot 
years on all pro])ei’ties studu‘d was very ^reat, as would lx* e.Kpe(‘ted. To 
eeonomizi* space, the analyses ot variain/e data tor individual yeai's are not 
^iven. For each yeai*. iiowevei*, tlie r(*snlts ot the analyses show(‘d lii^hly 
si^'niti(‘ant difterenc(*s bet\\(‘en seedini** dates tor all the ])roperties measured. 

TAB.U{! 1 .—.indifisrs nf ntrianer of plant rm(‘rffriirt\ roof ro(, and yirld data. 
(Date of .seeding experhnent.s, lOdd to V.idO) 


Memi sqii:n (‘s 

8 (_*(Mllin^ Adult 

root rot root rot Yield 

rntiii^ rntinfj 


ll(*plicates a ‘!00.4() 50.7(1 "o.Oii 91.7(5 

Years . :{ 8,815.a7* (n,(M7.50^ 7,5a4.()()^ 2,580.22* 

Krror (a) . 15 89.78 42.97 87.75 51.(58 

Dates of seodiFig . 9 8,400.05* 070.09* 2,188.07* 870.28* 

Dates xj (^ars 27 201.98 145.00* 172.07* 81.25 

Error (b) . 180 108.82 84.80 41.74 75.12 


* Exceeds mean sepia re error, 1 iier cent level. 


Sources of 
variaio'C 


Dej,n-ees... 

of Percentage 

freedom plant 

emer^iniee 
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1,11 table 2 are j^iven tlie averafre field-plot data for the different dates of 
sefnlintr* it is a])parent that the date at whicdi the seed was sown in 1936, 
1937, .1938, and 1939 exereised a marked infliienee on the development of root 
rot. Delay in seeding inereased the ineidenee of tiie disease in seedliiiii’ and 
adult wheat ])la.nts. ilio results oVitained in (‘aeh of the 4 years indieated 
that late stands of sprinj»‘ wheat were more severely affeeted by root rot than 
were early statids. In 1939, for iiistaneej the av(*rage seedling root-rot 
rating for Mind urn wdieat sown on May 11, May 19, May 27, J une 4, and 
June 12 was 14, 17, 23, 29, and 31, respeetively, the ('ori’espouding figures for 
the adult plant root-i*ot rating being 16, 27, 29, 35, and 42, respectively. 

I AliliK J tiJlu( Hcc iij dati id st i ilitiff on plant, ('incrifcnci, yield, and. on the inci~ 
denee o/ .seedliny and adnlt plant root rot in. wheat. Mean results of e.rpcrinicnts at 
Winnipeg in VhUl, Hdu, i:)ds, and lOdd 


Av(‘r;jg(‘ 


of 

nieim dnily 

Pereenlage 

Seedling 

Adult plant 

A'ield 

vS»M‘(ling‘ 

soil tcfii- 

siM'dliiig 

root-rot 

root rot 

( 1 ) 11 . per 

jKvrMturi* 

('’ F.)« 

eni<‘rgeiiee 

rating 

rating 

acre) 

Mmv 7 . 

14.5 

07.8 

45.-5 

30.8 

35.7 

Miiv Jl . 

15.(1 

04.8 

40.8 

30.8 

33.2 

Mnv 15 

M.).2 

05. S 

49.0 

41.0 

27.4 

M;iv le 

4 7.S 

00.8 

48.5 

40.0 

25.0 

May i:;; 

50.0 

09.2 

52.5 

48.2 

20.2 

JM.mv 27 

50.0 

07.2 

54.2 

40.0 

25.3 

May :!1 

50.;; 

00.2 

50.8 

«.) 1.») 

25.1 

.lime 4 . 

50.1 

01.5 

58.5 

.)4.») 

22.3 

June S . 

50.1 

00.5 

57.2 

52.2 

19.9 

.lime \2 

N e<M >s.sj 1 r V d i fl’e r« m i </e, 

50.7 

58.8 

00.8 

50.(1 

J0.8 

5 per (‘ejit leM'l 


7.9 

3.0 

4.0 

5.3 


•^Soil tcrniicrMtin'<* iit dc'ptli of’ 4 inolios. 


It is clear rroiu table 2 that time of planting had a very marked and sig- 
nifi(‘ant effect on yield. There was a progressive decrease in yield i'rom the 
earli(‘st to the latest dale ot‘ seiMling. Tlie fact tliat yield was greatest in the 
early seedings, and that it is inversely related to disease severity, indicates 
that root J'ot w^is a taetor of considerable importance in reducing yields in 
tin* lat(‘-sown ])lots. 

Tlie data ])resent(’d in table 2 indicate clearly that time ot seeding did not 
iufluenee ai)|>reeiably the number of plants that emerged from the soil, ex¬ 
cept in tlie (iase of |)lantings made aftm' May 31. Very late planting (June 
12) significantly rediu'cd ])ei'centage plant emergcmce. 

^od Tf inp( raturr in Rctaflon to Hooi-liid Seventy and l u ltt 

The extensive inv(‘stigations of Dickson (3), McKinney (16), and John¬ 
ston and Greaney (12) have indicat(Ml that wheat plants are blighted most 
severely liy root-rotting fungi at relatively high temperatures. This finding 
is in agreement wdtli that of several other investigators. Garrett (6), in a 
review^ of the extensive studies on the relation of soil conditions to root- 
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infeetin^ fiint^i, ])oinls out tlmt soil teiiiperatvire atfeets a soil-borne disease 
such as eoninion root rot of wlieat not only direetly tliroii^h its efTeet upon 
host resistance, and u])on the causal fnnjii, but also indirectly by inflneiKong* 
tlie factor of inicrobiological antagonism to the i)arasites. From the fore¬ 
going statements it is evident tJiat soil temperature lias a ])rofouud influence 
on root-rot deve]oi)meiit. As root rot was found in tlu' i)resent experiments 
to be much more severe in late sown crops than in (U'ops from early seedings, 
soil temperature data were studied to ascertain to what extent this varia¬ 
bility in root-rot infeetion may be related to soil temi)erature conditions at 
ditlVrent seeding dates. 

The average soil tejujan’ature data for the exjiei-iments of 11)36, 1937, 
1938, and 1939 are presented in table 2. A comi)arison of tlie mean daily 
t(miperatures for tlie difterent dales of seeding shows that tlie lowest soil tem¬ 
perature o(*curred at the earliest seeding date (Alay 7), and that there was 
a gradual rise in temperature as the season jirogressed. Tlieri' was, liow- 
e\’er, a greater rise in soil temperature at tin* se(‘ond and tliird seeding dates 
(May 11 and May 15) than at latm* data’s. Tht‘ difl'erenees iti mean daily 
soil tem})erature between individual dates of settling after May 15 are so 
small that they probably have no signiticanc(‘. 

The evidence presented earlier showeil that datt‘ of seiuling had a very 
marked and sigriificaiit influeiu'e on th(‘ dexelopnient of root rot, and on 
yield, and, from what has just b(*en said, it is evident that a close ridation- 
ship exists between soil temjierature and date of setnling. ft would, there¬ 
fore, be expec'ted that a close association would exist Ix'twemi soil tem])era- 
ture and the incidence of root rot, and between tcmpm ature and \’ield. That 
this is so is clearly brought out by a com])arisoii of tlu‘ data iji table 2. 

With a view of determining the relation of soil temperature to root-rot 
develojunent and plant growth, a statistiiad study was made of the tenijim-a- 
ture, disease, and yield data of the exjieriments. Tn this study the original 
field data of tlu^ 4 experiments were used. When mean daily soil tempera¬ 
tures and seedling root-rot ratings for each planting date were correlated, 
a signifii'ant positive correlation coeffieient ol’ ^ 0.401 Avas obtained, imli- 
eatijig an inerease in seedling blight with an iner(*ase in soil tem])«‘ratur(‘. 
A sigJxificant positive eoeflixMent of 0.692 Avas also found between the degree 
of adult plant I'oot-rot inf(‘ction and temperature. Tlu^se r(‘sults indieate 
clearly that soil ttmiperatiire Avas closely associated witli the development of 
root rot. The higlier the temperature at time oi‘ s(*eding the higher Avas the 
degrey of hifeetion. 

A highly significant inverse relation (r - 0.622) Avas found between soil 
temperature and yield. In othej* wc'rds, Ioav tem]ieratnre (early seeding) 
was associated Avitli high yield. When the yield and the disease* inf(*(*tion 
data were corre]at(‘d, definitely significant negative coeffi(*ients were obtained, 
indicating that higli yield was associated with low dis(*ase ineidenre. The 
foregoing statistical results, together with the average data in table 2, indi¬ 
cate clearly that soil temperature affects yield, and that jiart of the reduction 
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ill 3 tli(? Irito plaiitiiig’s was duo to tlio influouoo soil touijxM'ature liad 

on tlio developniont oi* root rot. 

Ill tlie final analysis ot Hie field data llie seodlino; and adult ]>lant root-rot 
ratin<''S wore oorrelated. A sijiiiifieant positive correlation i-oeffieient of 
i 0.r)f)2 was obtained. IMiis result indicates that the susceptibility ol’ tlie 
wbeat varieties Pentad and Minduin to Ilelinintliosporiiiin-bbisariuin root 
rot does not depend on llnni* sta<j;e of developiueiit. They W(‘re eipially sus¬ 
ceptible in the seedlin^^ sta^e and at tlie sta<i(‘ of ^n*owth just prior to riiien- 
ing* (Table 2 ). It (‘an be concluded, tluTidore, tliat the secTlling reaction is 
a reliable index of tlie i-eaction of adult wheat plants to root rot caused by 
HrliniHfhosporiutn sad rum and P^usarium spp. 

Rate of Sealiufi 

(luerrapain and Demoiin (11), Fl\rx (5), Pcwi-onel (17) and others in 
Eiirop(% and Kirby (15) in America, report tliat the develojiinent ot the 

'I'AHliK — A fKiliiiifS <ff r<ni<nicr of rooi-rol (uul fluid da la. (liaie of serdinfi 
expi riifu nt.s, JddS, IdJ'.r and ir4'>) 
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" Jv\(M‘tMls Mn*nii stjuan* error, 1 per ctMit level. 

take-all diseas(‘ of wheat is favored by deiisi* sowing. Proadfoot (1), in 
studies on the effect of crop rotation and (*nltural pi'actice on the develop- 
m(*nt ot foot rot of v bent, was unable to find any close relation betw(‘en rate 
of s(‘eding’ and tlie incidence of the disease. However, the lieliel. is coin- 
inonly hehl in MaiTdoba that tlu're is a clos(‘ association lietween rate of 
seeding and the imndmici* of common root rot in crops of s|)ring wheat. In 
order to obtain definite information on this point field expr'rinnmts were 
carried out in 11)58, ll)5f), and 11)40. 

In (‘ach of these yt'ars seed of healthy Kegent wheat was sown at (i difter- 
ent rates, namely. 50, 100, 200, 500, 4t)0, and 500 seeds to an 18-foot row. 
Thr(H' rows of ea(*h rate of seeding (‘onstituted a plot. Just belori* hai\est, 
adult ])lant disease data wt‘re obtained in the usual way from the lateral 
rows of (TuJi plot. The center i*ow of rarh ]dot was iiarvestt^d for yield data. 

The analyses oi’ variance of tlu^ dis(*ase and yiehl data are gi\(Mi in table •>. 
For disi^ase and yield tlu' mean s<)nares due to rates of seeding were signifi¬ 
cant. This nH‘ans that density of sowing definitely ath‘cted the incidence of 
root rot and yield. T\w insignificant interactions tor dis('ase and yudd nidi- 
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cate tliat the elTeet of seeding’ rate on disease severity and on yield was the 
same in the 8 years of the experiment. The moan squares diu' to differences 
between years were all liijihly si<i‘nifi(‘ant. 

The variations in percentag:e of plants discilsed, intensity of root-rot 
infection, and yield, due to rate of seeding, are shown in table 4. It is evi¬ 
dent fi’oiu this table that tlie incidence of root rot increased with an increase 
in the seeding rate. This is in accordance Avith g(*neral field observations 
in Manitoba and indicates that thinly-spaced wheat plants are less likely to 
be st'verely attacked by root rot than are thickly-spaced plants. Thus, the 
results of the ex})eriments support the view that any cultural j)ractice Avhich 
ttmds to iiKU'ease the vigor of individual wheat plants cjui be coiuited upon 
to reduce tlie amount of root-rot infcndion. 

Table 4 sIioavs that, in spite of a consistent increase in disease incidence, 
yield iiuireased as the rate of seeding Avas incri^ased from 50 to 400 seeds per 
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yield, a fact that is in agTcement with the rcsvfits of Machacek and (Ireaney 
(15) Avho found that individual ])lants in dense stands of wheat were less 
vigorous and tillered less than those in thin stands. This <litf(‘r(*n(*e in vigor 
and tillering of jilants accounts for the diltereiK'C in their yielding ability, 
and also for tlic fa( t that very dense stands ol' wheat in the Winni|)eg plots 
did not yield more than less dense stands. It is gencM-ally recognized, how- 
evei', that, in Manitoba, the etfe(*ts of rate of seeding on tlie d(‘ve]opment of 
root rot and on yield in whv‘at are likely to vary dire(*tly Avith the availalile 
soil moisture at seeding time, and also with the amount of rainfall from 
seeding time to harvest. 

DciM o f Seedhuj 

Russell (19), in field experiments Avith the take-all disease of Avheat, 
found that infection Avas increased by dee|) seeding. According to Broad- 
foot (I) depth of seeding had no significant effect on the incidence of 
Heliuiiithosporium-Phisariurn foot rot. To gain infoTanation as to the part 
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that depth of seeding* plays in the development of eonnnon root rot, field 
studies were nndertaken in ]943 and 1944. 

In 1943, healtliy seed of Thatelier and Red Bobs wheat was sown at 4 dif¬ 
ferent d(‘pths in plots of infested soil at Winnipej’-. Tlie seeding- depths used 
were 1 in., 2 in., 3 in., and 4 in. Ea<*h [)lot tH)nsisted of 3 rows, 1 foot apart, 
and 12 feet lonj?. Two Inindred seeds were planted in ea(di row. Notes on 
the iueidenee of disease wtvre taken on tlie eentei’ row of (*a('h i)lot in the usnal 
way about K) days before the plants ripened. 

Evid(‘nee was obtaine<l in 1943 whieh indieated that there was a positive 
relation between depth of seedin<»‘ and tiie severity of root rot. Deep plant- 
inii" definitely increased Ihe amount of root rot, and the in(*rease was proijrr(*s- 
sive. TakiniJi* 100 as the fij’ure rejiresentinj^ v(vry sev('r(‘ root-rot iiii'eetion, 
ilie nx'an values for })lots of Tiuitcber and Red Boiis wln^at sown at deptlis 
of 1 in., 2 in., 3 in., and 4 in. in 1943 Avere, respectively, 15.3, 21.6, 23.1. and 
24.0. 
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In A'iew of these results it was decided 1(i repeat the experiment in 1944 
rising-4 varieties ( Tliatclu'r, Reoent, Renown, and TRhI Bobs), and 3 seedin»>' 
depths (1 in., 2 in., and 3 in.). This erdar^ed fi(‘ld exi>eriment was con¬ 
ducted at Winnipeg: and Morden, Manitoba. 

The analysis of variance* of the root-rot data of th(‘ 1944 ex])eriinent is 
jiivcn in table 5. From this it is evident that the ineaii square for de^^tlis 
of seedinji' is hi^'hly sijrnifii'ant. On the other Jiaiid, the mean squares due 
to the interactions, deptlis > stations and deptlis x am rieties, failed to reach 
si fill ifica rice at the 1 ]ier c(vnt point. In otJier Avords, tin* effec't of the depths 
of se(*dinj 4 ’ Avas tin* same at both stations, ami for the 4 varieties. The niean 
squares due to varieties and to stations Avere sirniticant. This means that 
a hi^h deoree of si^nifi(*ance can be attached to the differences observed 
between varieties and stations. 

The mean root-rot ratings for each A^ariety and station, together Avith tlie 
mean values over all stations and varieties, are <iiven in tabh* 6. It is clear 
that depth of seedinj:*- had a very marked and signiheant effet*! on the devel- 
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opinoiit of i*oot rot. At 'Wiimipo.^* and Mordoii tlio iiieidenoe of the disease 
increased v\ith deptli of seedinj^. (comparisons between individuai dejiths 
of seeding’ for all varieties and stations sIioav tliat the differences observed 
in disease incidejK'e l)etween the different settling depths were statistically 
significaiit. 

It is evident from table 6 that, in so far as the development of root rot 
was concerned, depth of seeding was moi-e im})ortant in some varieties tlian 
in others. That is, the varieties did not rea(‘t to de|)th of seedijig* to the same 
degree. For instance, deep secnling definitely increas(‘d the amount of root 

TABLE ().—Jnfiurncc of drplh of sveditu/ on tli< incidence of root r<d in a riain 
varieties of ivheat in .lOii 
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rot in the varieries Thatciier, Kegent, and Kenowii, but only slightly affected 
loohrot development in the variety Red lU'bs. The differen(*es observed in 
root-rot rating between shallow (1 in. ) and deep (^3 iir ) seeding of* Red Bobs 
wheat were small and statistically ijjsignificant. Jt is evidcait, therefore, 
that tlie relation between depth of seeding ajid the iticidemM:* of root rot may 
be modified considerably by the variety grown. 

The'varieties of wheat used in the experiment of l!)44 ranked in order 
of resistaiK’e to root rot as follows: Thatcher, Renown, Regf'iit, and Red Bol)s. 
33iis raid<ing is in agreement with that obtained in earlier studies on tlie 
relative resistance of wheat varieties to (‘ommon root rot (3). Thatcher was 
much more resistant to root rot than was any of the other varieties tested. 
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DISCUSSION 

There is abuiidaiit evidence to iiidicHte that in Manitoba the jirevalenec 
oi' coniinon root rot ot wheat varies eousiderably l‘roin season to season, and, 
in any one season, iV ''*' rlistrict to district, and even rroin field to field. 
Local variation in tiic incidence ol* the dis<uise sii^j>“ests the possibility of 
control throiij>h cro]j and soil nianajieiiient. Froni the results presented in 
this jiapei* it is evident that variation in the time, rate, and deptli of seedinji* 
also infbnmces the develo])ment of root rot. Early, thin, and shallow seeding 
reduced tfie intensity ot‘ the disease. This method of control a])peared to 
be (dTective, and, in the case oF common root rot of wheat, offers distinct 
p ra('t i (ta 1 possi hi 1 i t i (‘s. 

ddiere can be no doid)t tliat there is a close interrelation between soil con¬ 
ditions and croj) conditions, and betw^een these and the amount of root rot 
that de\^eloi)s. The tendeiK'v for root rot to be more |)revalent in wheat 
cro])s tliat are sown late, too de(*])ly, or too thickly, arises as a result of tlie 
interaction of a number of factors. Soil temperature, moisture content, 
a(‘ration, reaction, find soil nutrients are factors that play a part in modi¬ 
fying* th(‘ r(*lation between date, d(‘pth, and rate of seeding' and the develop¬ 
ment of root rot. Furthei-more, these factors are ('ai>able of affecting root-rot 
developmejit not only dii’ectly through their effects upon the causal fungi, 
and u])on host resistaruM', but also indirectly through their effects upon the 
comj)lex microbiological flora of tin* soil. The important jiart different soil 
conditions play in the development and control of root diseases of wdieat and 
otinn* field crops lias be(‘n ade(piately di.scnssed by Garrett (7). 

The o|)inion is widely held in Manitoba that dry seasons are usually 
S(‘asons of lieavv root-i'ot infection, and tins: opinion is supported by numer¬ 
ous observations made over a long |)eri(Kl of time. For instance, low’ soil 
moisture conditions at time of seeding favor infection by retarding the gerini- 
iiation of the seed, an<l tin* early growth of the wheat seedlings. Again, very 
low' soil moisture content during the [mst-seedling stages of grow'tli may 
injure tie: roots of the plants to siudi an exbmt that the entry of parasitic 
fungi is appreciably lacilitated. On the other hand, high soil moisture at 
timt^ of seeding ♦'ollowed by low soil moisture in the post-seedling stages of 
])lant grow th, favors root-rot development. As has been Avidely recognized, 
\v(*akened jilant growth causcul by low’ moisture conditions c‘onstitutes a very 
important faeden* in the progress of the disease. The iiresent field studies 
have indicated, however, that, in Manitoba, early seeding of wdieat Avhen the 
moisture content of the soil is relatively high pi-omotes rai)id and vigorous 
plant growdh, and is an effective* means of reducing the losses from seedling 
blight and root rot caused by IlrlnuHlhosiwriiim saihnun and Fiisarium .spp. 
They have also emphasized the need of further field studies to elneidate tlie 
many factors res])onsible for variation in the incidence of root rot in rela¬ 
tion to date, depth, and rate of seeding under local conditions. 
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SUMMARY 

The results ol' field experiiuents, eondueted iji Manitoba in 11136, 1937, 
1938, and 1939, oji tli(‘ relation between date of seeding of sprinjx wlieat and 
the incidenec of root rot sain'iirn and Fusarium spp.) 

indieated that early seeding’ reduced the incidence of the dis(*ase and in¬ 
creased yield. Soil teni])erature, as related to date of seeding*, was positively 
associated with root-rot infection and nef»atively related to yield. Thus, Ioav 
soil teniperature (early seedinjjc) was associated with low disease ineideinre 
and with hiah yield. The effect of hijxh soil teinperatui'e on the incidence 
of root rot, with the resultinji: effect of tin* (lis(‘ase on the plants, was an 
iin|>ortant factor in reducing’ yields in late-sown cro|)s of sjnvin^’ wheat. 

The effect of rate of seeding on the iniddenee of root rot was studied in 
1938, 1939, and 1940. A close relatiojishi)) was found between rate (d' seed¬ 
ing and the development of root rot. Each year the sex’erity of the disease* 
increased with thi(*kness of |)lanting. 

A close association Avas foinul betwecji de])th of s(‘(Hling and tlie develop¬ 
ment of root rot. Jn ex])eriments carried out in 1943 and 1944 root-rot 
severity increased Avith deptli of planting. As hi factor in flu* control of 
root rot, depth of seedijig Avas more imjiortant in soim* varieties tlian in 
others. 

Field experiments have indiiulted that agricultural i)ractiiM*s Avliii'li favoi* 
the rapid, vigorous groAvth of a Avheat crop tend to rt*(luce the intensity of 
root-rot infection. They havi* also demonstrated the pra^di<‘al>ility of ri*- 
diicing losses from Heiininthosp()riinn-Fusarium root rot* in Manitoba by 
seeding spring Avheat not too thickly or dei'ply, and at tljc earru'st feasibh* 
date. 

Dominion Laboratory of I’ijANt Patiiologv, 

WiNNn*EG, Manitoba, Canada. 
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EXPLOKATOUY EXPERIMENTS AVITH THE RIG-VEIN 
DISEASE OF LETTUCE 


D K A N E . P R Y 0 R 1 
(Accepteel for publication October 25, 1945) 

Ill 1934, Ja^ii'er and Chandler (1) predieted that hi**’ vein might beeonie 
tronblesonie in lettueo grown on the heavier .soils ot‘ ('aliiornia and Arizona. 
At tliat time the disease was known to be jiresent onI>' in those western states. 
However, big vein has now' been reported from several states along the 
Atlantie Seaboard (2, 4). It is not known whether this malady Avas reeentiy 
introdiieed into tliis region, or whetlier it was merely differentiated from 
otlnn* lettnee diseases after dagger and Chandhn* published their report. 
Since 1934, big vein lias not iiuomsed particularly in the Imperial Valley, 
California, or in the Arizona section, but has bec-ome more prevahait in the 
Salinas-Watsonville district. The increased jm]>ortance of the disease made 
it seem desirable to investigate further its nature and behavior. Conse- 
ommtly in 1939 several lines of investigation on th(‘ disease were initiated 
W'lth emphasis upon those factors tliat influence its behavior in trials fm* 
dist*ase resistance. Recause of the war most of tin* work on big vein was 
suspended in 1942, but it seems desirable to jmblish the results obtained thus 
far. Although the data in 'many instances admittedly are only suggestive, 
they may be of .some aid to Avorker.s who study the disease. 

TRANSMISSION EXORRlMKNTS 


I ))srct Tra nsm issio a 


In February, 1941, several flats o!* lettnee plants from breeding lines were 
gj'OW'U from seed in a greenhouse being us(*d for big-vein (‘xperiments. The 
flats were placed on a bench filled witli sterilized soil. These plants wn'r 
transplanted to a disease-free field. Rig vein a|‘p(‘are(l sJiortly al'ter trails 
I)lanting and, on June 2, 12.ti per eent of about 2,000 ]>Ianrs were diseased. 
Since it secmied that insect transmission in tiie greeidioiist* may have been the 
means of infection, attenij)ts were made to transtnit the disease with the 
aphids Macrosiphum solatiifalii Ashin., coin'olvvli Kalt., and M. 

persicae Sulz. These s])eeies are present on lettma* fi*om time to time in 
greenhouses at l.a Jolla. In 18 experiments, witii various im*thods of trans¬ 
fer and different feeding |)eriods, big-vein symptoms ocenrred in only a vei*y 
fevr plants, (kmsisteut transinission even to a low* j)ei*eentage of j)lants eoidd 
not be obtained. 

Thompson, Doolittle, and Smith (5) obtained very similar results with 
c'*rtain leaf-feeding aphids. On the other hand, their pr(‘liminary experi- 


1 Assrcuite iMant Pathologist, Division of Fruit and Vt^gotable Crops and Disca.s(*s 
i>ur|aiu of Pla^t lu^.^ rj, 8oils and Agricultural Engineering, AgricultuJai Keseurch Ad- 
nunisOation, Lnited States Department ol Agneuiture. The author wishes to acknowl¬ 
edge the assistance of W. W. McCoy, formerly Ficdd Aide, Division of Fruit and A^egetal>i«‘ 
Cro|»s and l>ise*iscs, in parts of tliis work. s — 
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moiits with the root ii|)}ii(l PcmpliigHs lucfucuc (Fitcli) iiidieate tluit this 
insect may he an effici(*nt vector. Since root a])lii(ls liave not been found 
in the jireenboiises at Ija JoJla, it would tJial otlier vectors of hip' vein 
mi^ht exist. 

Mvvhanival Transmission 

In 10 trials, invoivint^' al)out 700 plants in<*juding‘ checks, no consistent 
transmission wasohlaim‘d witli leaf juice by (I) leaF-nibbin*:^ methods usin^' 
materials smdi as cotton, ('lie<‘seclotli, and carborundum; (2) leaf-punctures 
usin^- needles through drops of juice from diseased plants and hypodermic 
needles thrust into the larger veins and into the stem; or by (.V) root inocu¬ 
lation by hypodermic needl(‘s, or soaking’ r(K)ts in leaf juice from bifj;'-vein- 
infecled lettuce. 

Seed Tra nsm ission 

Plants j^rown on disease-free soil from seed soaked for 24 hours in juice 
from bi^'-vein-iniVeted plants did not contract the disease. 

In one lot of seed from infected lettuce, 18 of approximately 1,()()() jdants 
develop(*d bi^‘ vr‘in. Other exiensive trials, however, gave no indication of 
set'd ti'aiismission. In \ iew of tliese results, it a|)pears that big vein is rarely 
ir ever, seed-transmitted. 

Soi / Tra nsm issio n 

By S(hI E.rlracls. To 31, kg. of liighly infe('live soil was added 8 liters 
of tap water. The mixture was thoroughly stirred and then allovv(‘d to settle. 
The a])])arently (deal- sui)ernatant Ihjuid was siplioned off, care being taken 
to collect no macroscopically visible soil particles. This liquid was divided 
into two parts, our of which was filtered through a medium-grade Mandler 
tiltei*. The tiltei’ed and untilt(‘red solutions were each divided into five ecpial 
parts and added i-esi)ectively to two groups of five pots of disease-free soil in 
which small lettuce j)lants were growing. As a control a similar lot of soil 
was auto('laved for 2 hours at 15 pounds’ jrressure, then used like the infec¬ 
tive soil to i)repar(* untilt<‘i*ed and liltered solutions for ])ot application. In 
ea(*li (‘ase tlx* leached soil was also planted to lettuce. 

After aboui 2 months many big-vein plants occurred on the infective, 
iioiiautoclaved, leaclu'd soil and none on the autoclaved, leaclied soil. Both 
of the leachates from autO('laved soil and the filtered leachate from infective 
soil ])i*odu(*ed no disease when added to big-vein-free soil (two experiments). 
However, the nnfiltered leacliate from infective soil produced four big-vein 
plants in a Total of 83 ])lants in noninfective soil. 

The results corroborate those of dagger and Chandler (1) in that leach¬ 
ing do(*s not matei-ially decrease soil infectivity. The leaching experiments 
were too few to warrant definite conclusions, Imt tliey seem to indicate either 
that some infective soil was (tarried in the unfiltered extract or that tlie infec¬ 
tive particles are nonfiltrable, or that they are absorbed by bodies in the 
soil that are ma(‘roscopically invisible but large enough to be removed by a 
medium Mandlex’ filter. 
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Bxj Contamination of Soil with Lettuce Leaves Having Big-Yein Symp¬ 
toms. In the various experiments, big-vein plants appeai’ed oceasioiuilly on 
soil supposedly not infective. Tliey Avere cut off at the soil level at the eon- 
elusion of the experiment and the ])ot re))lanted with hdtuce started in dis¬ 
ease-free soil. Almost iinariably replants develoj)ed big vein. To elieck 
further on the ])ossibility that diseased plant remains might contaminate 
noninfeetive soil, tAvo experiments Avere run. In the fii’st trial, 650 gm. of 
coarselA" ehop|)ed big-vein leaves were mixed with enough soil to fill 15 6-ineh 
])ots; in the second, 1,000 gm. Avere used for 10 pots. The same number of 
control pots received eijual ti*eatments excej)t that liealthy lettuce leaves 
Avere used. Four plants from disease-t‘i*ee soil Aven' tlien transplanted to 
each pot. 

All of the check plants remained healthy in botli expei*iments. After 
about 21 months, five out of 48 plants surviving in soil mix(‘d with diseased 
leaves in the first exi)eriinent sliOAved big vein; in the sei'ond (‘X])erinient fiAC 
out of 40 plants had the disease. These results suggest that the infectiv<‘ 
principle causing big vein can be transmitted to soil by diseased leaves. 

EXPERIMENTS ON THE BEIIAAIOK OP THE JNFE('T]\T: PKUXriPEE IN THE SOIL 

Direct Seeding versus Transplanting in Big-Vein-lnfective S(dl 

in trials for resistance to big vein and in othei* experiments on infective 
soil, it is necessary to obtain as liigh a degret* ot infection as possible. For 
tliis reason, it Avas desired to learn Avhether direct seeding in or transplanting 
to infective soil produced the gn^atest number of diseased ]>lants. Three 
trials involving a total of 112 j>lants from seed and the saim* number from 
transj)lants indicated a atow slight tendency lor more big vein to develoj) in 
the transplants. Siru'e trans|)lants ciic generally used in the big-v(‘in sus¬ 
ceptibility tests at this station, this line of investigation Avas dropjied. 

Spread Through the Suit from Disaised Blanfs 

To discover whetlicr big vein Avould spread from a diseased ]>lant to 
adjacent healthy plants, one small big-vein plant and tlir«*e healtliy plants 
Avere set near the rim and 9()'‘’ a]>art in each of eight (i-imdi ))ots, in each of 
three experiments. The plants Avere gj-own for 2 to 21 months. All of the 
big-vein plants showTul the disease thronghont the lengtli of each run. In 
the first trial. tAvo of tlie 24 healthy ])lants developed big vein ; in the second, 
one doubtfully diseased plant occurred; and in tfie third, the originally 
liealthy plants remained so during tlie (‘Ourse of the experiment. 

It is possible that the disease development in these ex])eriments miglit 
have resulted from insect transmission. In any event, it appears that big 
vein spreads very slowly, if at all, through undisturbed soil. 

Effect of Drainage on the Development of Big Vein 

In earlier studies on soil moisture in relation to big vein (8) it Avas nottnl 
that in soil from the Imperial Valley, California, salt (‘oneentrations built 



19461 


Pryor : Big Vein oe Lettuce 


267 


lip to sucli d point tliat plant growth was reduced. In some experiineiits not 
repoited in tlie earli(‘r paper there was a rather proiioiaiced decrease in 
iiifectivity as the salt t v>iu en1i*ation increased. An analysis"’ was made ot‘ 
two lots ol soil identic'al t‘xcept that salt had been built up in om^ throuj^ti 
continued use in pots without di-aina^e and that tin's high-salt soil w'as con- 
sideiably less inlectiv(\ I he total salt concentration in the liighly iniective 
soil Avas l(‘ss than I that in tlie soil of low infectivity (Table 1). The very 
gr(‘at differen(*e in amount of sulphate in the two lots of soil is notable. 

Since the increase in salt content and decrease in infectivity apjiarently 
resulted from use of j)Ots without drainage, four experiments were run in 
which tin* d<‘velopment of big-vein plants in drained and nondrained j)Ots 
\vas re(*o]*ded. in gen(‘ral thei*e Avas a slight tendeiK'y for few^er dis(*ased 
plants to ap|)ear in the nondrained pots than in the drained but in only owe 
trial was this diffei’enee statistically signihcant and the mean difference of 
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all tests Avas nonsignilicant. Only one crop of lettuce Avas groAvn in each 
pot. It may be that had two or more (*rops been grown in each |)ot the ditfer- 
enees would Inna* b^'come more pronounc(*d. 

Trmr Rcquind for Infcclion in Biy-Vein-lnfcctivc Soil 

Let t lice s(’ed Avas sown in highly infective bigwein soil. Two weeks after 
planting the Ictince was up but only the cotyledons had unfolded. TAventy 
plants win’c remoN i d at this time, Avashed thoroughly in tap Avater and trans¬ 
planted to disease-free soil in (i-inch pots Avitli four jdants per pot. At 
AV(‘ekly intervals thereaftei*, an additional 20 plants were removed, Avashed, 
and transplanted. AYlien big vein appeared iii lettuce on the big-vein soil, 
transj) 1 anting Avas dis(*()iit iniied. 

The amount of big vein o(*.cun*ing in the ti*ansplants aliout 10 to 16 weeks 
after seeding is shoAvn in table 2. This type of experiment is open to the 
critiidsm that it is impossible to be sure that all of the infective soil Avas 
i*emoved in Avashing. Furtiiermoi*e, since nothing is knoAvri about Avliere 
inf(‘idion talces place in the root system or how^ fast the causal entity moA^es 
after infection there is the possibility that the infected portion of the root 
sx'stems may have been se])arated from healthy portions in the transplanting 

2 Tlie nutlior is iiKlebted to .Tolm 11. Pryoi’, Orowov.s Tec and Bcvclopment Company, 
Salinas, California, for malting this analysis. 




268 


PHYTOPATIIOLOdlY 


I VOL. 


process. Nev(*rtheJ(\ss, it is ajipfirent tlial some plants did not become dis¬ 
eased ’Nvithin 6 Aveeks from seeding’ Avliile others seem to have been infected 
almost as soon as they emerged from the seed. Earlier observations (3) 
indicated that big vein develops best in vigorously growing plants. Since 
transplanting niidovd)tedly slows down the growth rate for a time it might 
be ex[)ected that Avhen those plants with the longer time intervals in infective 
soil were held in disease-free soil for etpiivalejit leiigtlis of time, a gi*(‘ater 
]n’oj)ortion of big vein Avoiild develo]) in the later 1r*nisi)lants. The last two 
('olumns of table 2 show this to be true. Fi'om this woi*k it may l)e tcmta- 
tively (MjiK'luded that at least four we(‘ks is re(|uired in big-vein soil for a 
lai’ge propoidion of the ])lants to })ecome infec'ted. 

Effect of Soil Dilution on Infectivitif 

in the first of these experiments, dilutions of infective big-vein soil with 
autoclaved big-vein soil did not reduce <lisease at tin' maximum dilutiim of 

TAP»LE 2.. The amount of bin ^cin aj>p(<irin(f in h ttnct aflrr Irnnuplaniinff s( ( d- 
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« Twenty idaiits ^rown at eaeli e xposure in each test. 

1 part infective soil to 32 parts of sterilized soil. In another experiment the 
maximum dilution of 1 part to 800 reduced disease only slightly. Tin* auto¬ 
claved soil ill each case liad only healthy plants. It is unwist* to gi'iieralize 
from such few data, but this high dilution ivith little riMluction in disease 
may indicate that the soil on farm imj>lements might la* etTei*tive in s])rea(h 
ing the disease. 


Persistence of Bi(j~Vein Infective ness in Soil 

In 1036 a lot of big-vein soil was collected in the Im})erial Valley of Cali¬ 
fornia and storetl in a large, eovered, galvanized-iron can in a dry plaee. 
Fr(>m 1940 to 1944 .small jiortions of this soil AV(*re rtunoved periodi(*ally, 
tested for infeetivity, and then discarded. Parallel checks wert* not run; 
however, (*he(*ks in other experiments seldom became diseased and when tliey 
did tiu* amount was never greater than 1 or 2 per cent. It is evid(*nt tliat 
big V(*in will persist Avitli no decrease in infeetivity for at least eight years 
in stoi’cd, air-dry soil (Table 3). 
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TABLE .j. Fer.sis1cncc of bicf-vcin iufcctivcncss in stored, air dry soil 


No. years in storjij^e . 4 5 7 8 

No. plants tested . 33 24 6 24 

Perceiit:ifr(‘ of jdants with big vein . 33 54 83 75 


The rufliifnce of Soil Ttmperatiircs on the Production of 
B i(/-V(in Sympi onis 

MeUiods. Five ‘'AViseoiisiii-type” soiJ-teiii])(‘ralui*{^ tanks eaeli contain¬ 
ing’ eight ()lx9-inc}i round gaJvanized-iron enJture cans were used for the 
temperature studies. The tanks were located outdoors and a movabh^ shelter 
was emi)loyed to eo^’er tliein wlien there was probability of rain. Tempera¬ 
ture was controlled by liot or cold wat(‘r introduced through a perlorated 
ptipe running lengthwise and itarallel to the bottom ol‘ the tank and about 
inches below the bottoms ol* the cans. When the taidcs were operated 
below air tem])(‘ratures, the wat(‘r was cooled by a small refrigeration unit. 
Th(‘ addition of hot or cold water was controlled by solenoid valves actu¬ 
ated by i)Oultry-incnl)ator-type. thermostats'’ wliich were sensitive to about 
±: 0.5° (1 Temperatures used were .14°, 18°, 22°, 2()°, and 30° C. 

Tlie infective soils wore the ones employed in the moisture studies (3). 
Tin* soil liiu' in the cans was slightly Ixdow the wat(‘r line in the temperature 
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tanks and 1} inches beloAv tlie I'iins of the cans. Four lettuce jilants Avith 
one or two true leaves were transplanted to eaeli can after the soil liad 
reached the desired teiiiperatiire. The top of the soil was insulated with 
30 gm. of rock wool. Enou^ih water was added at sliort intervals through 
a central perforated pijie in each can to niaintain the luoisture at 75 per cent 
of the moisture-liolding capacity of the soil (3). Plants wert* exaiuined for 
big-vein syniptonis at each watering. When tluu-e was evideiu'e of crowding 
or head formation the experiment was discontinued. 

Resnlis. The data from several ex])erinients are in table 4 together witli 
the air temperatures prevailing during tlie trials. It is apiiarent that, witli 
tJie exception of expiu-iments number one and tiv(‘, tlie greatest |)ercentage of 
disease develo])ed was at 22^ C. There was generally a sharp decrease in 
the amount of big vein at 26° and 30° C. and some decrease at 14° and 18° C. 

From reports in the literature (1, 4) air temperature also seems to liave 
an infiuenee on the iiroduction of big-vein symptoms and might liave (‘aused 
the discrepancy mentioned above. With this ])ossibility in mind, air tem- 
peratin’e records had been kept during most of tlie trials. No adequate 
records were available during the course of the fi^st (‘Xjieriment, but from 
those at hand it ajipeared that the minimum air temperature at least was 
somewhat lower tlian in the other trials. Observations also indicated that 
the irifectivity of the soil in the first two exjieriuK.nts was not so high as in 
the later ones. AVith these facts in mind, the apparent sup|)ression of synij)- 
toms at higher soil temiieratures in the fifth ex])(‘rimen1 might be explained 
as an effect of the substantially higher air lemjieraturc. Oonqiaring* the air 
temperatures with the amount of big vein at different soil t(*mpm*atures, it is 
evident that concurrently with the higher aii* temperaTures during July, 
August, and September, in experiment numbm’ 5, the 0 |>timum soil tempera¬ 
ture was lowered to around 18° 0. There is also a slight indication that the 
liiglier optimum soil temperature during the first experiment might have 
r(‘sulted from lower air temperature. 

In eaidi of the temperature ex|)eriments tlie initial number of lettuce 
transplants was 160, or 32 for each treatment. In some (*ases the suiwdval 
was not veiy satisfactory, jiarticularly at the higher soil temperatui*(*s (26° 
and 30° (t.). This is not surprising sim^e lettuct* is known to lu^ a low tem¬ 
perature crop. 

JHscmswn, dagger and Chandler (1) and Thompson and Doolittle (4j 
observed that low^ temperalure favors the dex'elopimmt of l)ig-v(vin symp¬ 
toms. Since big vein is a soil-home disease, it was thought that soil tempera¬ 
ture might be more imi)ortant than air tmnpei'atiua* in producing this effect. 
While preliminary results reported iiere iiidic'ale that })ig vein will develop 
in lettuce plants grown at a constant soil temperature of 30° C., Tlioinjison 
and Doolittle (4) observed that greenhouse air temporatures of 65° to 75° F. 
(luring the day and 50° to 60° F. at idght prex ented tlie appearance of big- 
vein symptcuns in lettu(‘.e leavers. Wheji the t(*mperatin-e was lowered to 50° 
to 60° F. during the day and to 45° to 50° F. at Jiiglit tliey found tliat big 
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vein developed in some plants. (Jreenliouse teinpei*atures again raised to 
the higher level su|)pressed symptoms. The fifth experiment reported in the 
present paper was carried out wiien air tem})eratnres w(‘re comparable to 
those employed by Thompson and Doolittle (4) yet some big* vein was evi¬ 
dent at a soil temperatniv of 26^-’ C. (78.8^^ F.), considerable was present at 
22'^ (71.6° F.), and still more occurred at lower soil temperatures. Dur¬ 

ing the course of this experiment, the range of maximum air temperature was 
70° to 88° F. and tin* range of the minimum was 55° to 68° F. The discrep- 
aiK'y in results obtained in the two investigations possibly may have been 
due to the maintenaiu'c of a longer period of high air temperatui'e in the 
greenhouse than oecurr(*d in the present work. Other explanations may be 
forthcoming witli furthei’ research. 

Iudi(‘ations are that when air temperature is favorable for the productioJi 
of big-vein symptoms a soil temi>erature of about 22° V. is o})timum for dis¬ 
ease developuH^nt in the leaves. However, considerably moi*e work is iieees- 
sa!*y befoi-e tlie effect of an* temperature and the combined effects of soil and 
air tempei-atui'es can be ])i*operly (evaluated. 


SUMMARY 

Kxpei*iim‘nts using tlirei* species of leaf-feeding a])liids, various methods 
of me('hani<*al inoculation, lettuce seed soak(‘d in leaf juice fj'om diseased 
plants, and seed harvested from diseased j)lants resulted in no consistent 
transmission of big vein. The unfiltered leachate from infective soil wlien 
added t(» disease-free soil produ(*ed big vein in four of 88 plants grown 
ther(*on. The filtered leachate {nuMlium Mandler Hlter) caused no disease. 
Big vein was not eliminated from iid^ctive soil by leaching. Symptoms 
ai)peared in plants g]*own on big-vein-frei* soil to which chopped diseased 
h*av<*s were add(‘d. None ap(>eared in com])arable checks. 

'riiei-e was litth* differeuc(‘ in the aiiHuint of big vein (hnelopiiig in trans- 
])lants and in lettnct* see(h‘d directly in infective soil. Trials in which one 
big-veiji plant was grown tor 2 to 21 months adjai-ent to three healthy plants 
in a 6-in(‘li ])ot filled with disease-fr(‘e soil indicated that big vein spreads 
very slowly if at all throngli the undisturbed soil during the period used. 
A slight tendency existed foi* fewer diseased ])lants to api)ear in nndrained 
])ots filled with Imperial Valley soil than in drained pots but in only one 
experiment was this differeiu'c statistically significant. Transplanting let- 
tn(*e at intervals from infective to noninfective soil indicated that some big- 
vein infection takes plac(* within two weeks Irom seeding; under the condi¬ 
tions imposed, at least four weeks’ growtJi in big-vein-infective soil WTis rt‘- 
quired for a large portion of tlie plants to become infected. Exploratory 
trials indicated that diluting 1 part of big-vein soil with 800 parts of auto 
(*lav<‘d soil rediu'cd disease incidence only slightly. Data obtained thus far 
show^ that stored, air-dry soil remains infective for at least eight years. 
When air temperature was favorable, the optimum soil temperature for 
development of big vein ap]>eared to be about 22° C. (Vl.b h-)" ^vith some 
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bi<^* Yein oceurrin*^; at all soil temperatures from 14^ to 30° 0. However, air 
tem])erat\ire also seemed to have some efte(*t ou sym|>tom expression. 

1^. S. IlOHTK'l'I/nTKAIv FiKLI) STATION, 

La Jolla, (•alifornia. 
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PEACH BLOTCH^ 

R . S . \V 1 L L I S 0 N 
(A(*c(*ptO(l for |>u))lic;ition NovciriLcr 1, 

111 the course ol mu intensive survey of peach orc'hards in a two-s(|uare- 
inilc block n(‘ar Winona, Ontario, con(luct(*d in the years 1931 to P)40 in 
connection with some studies of jieach yellows, mosai(‘-like variegations were 
observed in 1940 on a single tliree- or four-year-old tree of au unknown large- 
flower(‘d variety. Tin* \'ariegations AV(‘re Avell-defined pale green to yellow¬ 
ish green areas \ery variable in size and shape, ranging from numerous 
angular spots scattered over the leaf surface (Fig. 1, A) to larger, irregular 
blotches usually i(‘U'er in number (Fig. 1, li, C). A few leaves were marked 
only by a yellowing along the larger veins (Fig. 1, II). Affected leaves as 
a JTile were not distorted though some had ragged margins (Fig. 1, D), 
resulting from marginal scorch. The fruit was not atfected and no marking 
or stunting of twigs was observed. Peach blotch has been adopted as the 
name i'or this disorder, as being characteristic of the predominating symp¬ 
tom. 

Preliminaiy inoculations of i)eaeh seedlings by budding, in 1940, demon¬ 
strated the g!*aft-transmissible nature of the variegation, symptoms appear¬ 
ing Oil the s(*edlings the following sj)ring. In 1942, transmission tests Avere 
extended to include several peach, plum, and cherry varieties Avhich, except 
for one seedling cherry, an ere inoculated by the double-budding technique 
(5). In these t(‘sts, pea(4i, Myrobalan, and Mahaleb seedlings were used for 
stock. 

Peach seedlings varied considerably ni their response to blotch Avith 
respi'ct both to symj)tom ex|)i*ession and to susceptibility. A fcAv Avere resis¬ 
tant, shoAving only slight symptoms on early leaves, but the majority Avere 
more or less susceptible, symptoms being found on leaves of all ages. The 
markings Avere, in sro|)e and v ariety, tyi)ical of those observed on the origi¬ 
nal tree, Avitli a few additional variants. One of the latter was an almost 
symmetrical chloi-otic blotch centered about and extending along the mid-rib 
and tending to feather out along tin* lateral veins (Fig. 1, F). Inversions 
of this i)attern also oceurred (Fig. 1, (1) in Avhich the chlorosis Avas peripli- 
eral. ()c(*asionallA' leaves Avere completely cldojotic, exc(*pt for a fcAv, scat¬ 
tered, darker gr(‘en islands (Fig, I, E), an inversion of the angular spot 
pattern found on tlie original tree. I suallv' most |)atterns (*ould be found 
on a single seedling though sometimes one type of pattern tended to jAredomi- 
nate. The amount of scorcli varied from seedling to seedling and from sea¬ 
son to season. Thougli large necrotic spots Avere sometimes to be found, 
necrosis Avas typically marginal. 

Of tlie peach varieties tested, Elberta and Bocli(*st(T were most suscepti¬ 
ble. The former displayed sym])toms much like those on the original tree, 

A Contribution Xo. 830 from tlic Division of Botany and Plant Pathology, Scionce 
Service, Department of Agriculture, Ottawa, t^anada. 
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im. 1. Pattern vaniitions of ,,each blotch <.n peach leaves. A. Small, angular, 
chlorotic snots. B, C. Irregular blotch patterns. B. Peripheral chlorosis and emargina; 
Uon by scorch. B. Inversion of A. F. (Jentral feathery chlorosis. G. Peripheral chlo¬ 
rosis, inversion ot F. H. Faint general chlorosis along veins. A B IJ fr„„. oriirin-.l 
tree: 0, T), E. F. G. from inoculated seedlings. • ii, IJ, tiom ongin.il 
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whereas in the Jatter, the feathery ])alteni (Fio-. B F) j)re(l()ininated. 
Vedette showed slight })l()teliiMO‘ in .some seasons and Jittle or noin* in others. 
Golden Jubilee was almost sym])tomless, though a few early leaA'(‘s sonKdimes 
had eithei* a mild mosaie |)att(*rn or yellowinjji; of veins. Few if aiiv svmp- 
toins were ohsei*v(Ml on I^t^re^riin*, a whit(‘-fleslied variety imported from 
Fn^i'land. On all pe*aehes, the ])atterns Avere eitlnn* pale mreen, yellowish 
»ire(ML or ^rf'enish yelhnv, hut never white, and no indieations of sym])toms 
were seeji on flowei-s or tvvif::s. 

To dat(*, transmission experiments with ])lnm, apri('ot, and (Jierry varie¬ 
ties and the (*herry seedlin*** hav(‘ i»:iven ne*jrativ(‘ results in at least two sea¬ 
sons sinee imx'ulation (‘xeept for a vajiue and doid)tful blot<'hin^- on Italian 
])riine. In most eas(*s, the insei*tc‘d diseased peaeh buds <irew, and even wliere 
they did not, union Avith the stoek took place so that transmission of the virus 
to each ot the test vai*ieties Avas possible. The varieti(‘s used in these exj)eri- 
ments included: rrmnts douustica var. Italian prune. Geriuaji ])rune, Heine 
Olainh*, and ljoml)ai'd ; P. sahcnui var. Abiindarn'C; P. c( raslfevd, Myrobalan 
s(‘(‘dlin«.>s; P. annchiavd var. Niagara; P. drium var. Black Tartarian, 
Xa]>oh*oiL and s(‘edlino-; p, rerdsds var. Montmoremw, and P. mdhdleh seed¬ 
lings. 1Mi(‘ donbh‘-bnddin^- tests, howevei-, should l)e sup])lenieuted by inocu¬ 
lation of th(‘ same varidies after they have been indexed and established as 
inirsery stock. AVludher or not ))lums and clieri-ies can acd as carriers of 
blotch has not y(*t been det(*rmined. 

In 1!)44, what a()|)(‘ared to be a se(*ond natural oc(Mirrenc(‘ of blot(di was 
found on siickei* ^rowtli near th(‘ ('rot(4i of a tree of the Marijiold A'ariety in 
an orehard i»ear Hamilton, Ontario. In this case, the predominatinj^‘ syni])- 
tom tyjx* was the cmitral, symmetrical, feathery blotch or some moditiiaitiou 
thei'eof. Ino(‘ulation of p(*a(4i s(M*{Uin<:»s has demonsti*ated transmissibilit\’, 
blit the elfects of tliis \ irns on other hosts are yet to be worked out. 

Two other infectious varie^^ations of the peach, mottle and calico, have 
been iuvesti<»ated by Blodgett (1, 2). Reeves (4) has also found isolated 
cases of a (^alico-like disonhu* on })ea<4i in Washin;iton. Blodgett’s descri]>- 
tions of mottle and calico and his illustrations of (‘alico indicate that tliese 
two dis(‘ases bear cousidei*ablc resemblance to |)each blotch, both in their 
folia.iic symi)toms and in the rarity of their occurrence in nature. On the 
otlier hand, these thi*ee diseases and j)resumably their causal viruses are not 
identical. For examj)h', tlie |)eaeh mottle virus (1) causes not oidy severe 
mottlinji*, deformity aiul necrosis of leaA'es, and dwarfino' of trees of sAveet 
cherry but also die-back and ^ummosis of Montmoi*en(‘y, Avhereas the blotch 
virus and the calico virus (2) have iiad no apparent eff(‘ct on cherry varie¬ 
ties. Galico also differs from blotch, thou^di less markedly, in that its pat¬ 
terns become '‘brilliant-yelloAV, almost papery-white” and appear on tAvi^^s 
and fruits as avcH as on leaves. Furthermore, amonji* the sym])toms of calico 
no mention is made of the marjiinal lacerations and scor(*h associated Avith 
both blotch and mottle. 

As these three peach disorders are not of lireat economic importance at 
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tlie present time, their chiet* claim to interest lies in the possible implications 
of the (iharaeteristics they have both individually and in common, considered 
in relation to their distribution. Their foliage symi)t()ms on peach suggest 
that the diseases may be caused by virus strains, more or less closely related 
but differing in virulence. The differences between the diseases could then 
be construed as differences in degree rather tlian in kind. It is difficult, 
hoAvever, to see hoAv such strains could arise when the disorders they produce 
occur as virtually isolated cases in widely separated districts. It is, of 
course, possible that the diseases may be sporadic infections by pre-existent 
viruses not ordinarily transmitted to peach. In such an event there would 
seem to be undiu^ stretcliing of coincidence to expect sporadic infections of 
that type, even under necessarily highly ex(*ej)tional conditions, to be con¬ 
fined to single trees in an orcdiard or district, |)articnlarlv if more than one 
virus is involved. Blodgett's suggestions (2) that sojne viruses ‘^may be 
originating Avithin rather than being contracted by certain host plants’' and 
that “the differences between perpetuated abnormalities and transmissible 
diseases, such as calico, may be, after all. fundamentally rather slight” de¬ 
serve some consideration, espeeially in the light ot reitent Avork by Woods and 
Du Buy (3, 6). These investigations indicate the possibility that infectious 
as Avell as noninfectious A^ariegations may arise through alterations in 1h(‘ 
chondriosomes or plastids. Such an explanation of the origin of the diseases 
under discussion could account both for their pe(*nliar distribution as Avell 
as for their points of similarity’ and dissimilarity. IIowc\ er, until more than 
circumstantial evidence is forthcoming, the relationshii)s between the causal 
viruses themselves and between the viruses and their hosts must remain 
enigmatic. 

Dominion Laboratory oi* Plant pATiioj.O(n, 

St. Catharines, Ontario, Canada. 
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GKOWTH AND OVERWINTERING OF XANTHOMONAS 
VESIOATORIA IN ASSOCIATION WITH 
WHEAT ROOTS ^ 

S T E P II E N I) I A C H I J N A N D W . D . Y A L h K A U 
for November 20, 1945) 

In previous reports it iias been denionstniied that tlie tobacco Jeaf-spot 
bacteria, Bacimum labucnm and B. aiuiulalum, (*ari form colonies on roots 
of wheat and other unrelated plants, and, fiirthenviore, that tliese two organ¬ 
isms can maintain themselves in field soil indefinitely, apparently in associ¬ 
ation with roots (6, 7). 

Tfie investigation lias been extejided to find out, if |)ossible, whether 
plant pathoj^ens other than the tobacco leaf-s))ot bacteria can perpetuate 
themselves in asscKMation with roots. The selection of species to be tested is 
sornewliat limited by the methoil used in the study. To determine the pres¬ 
ence or abseiK'e of patho^»enic bacteria in soil or on roots, an acpieous sus¬ 
pension of the sus[»ected soil or j-oots is |)oiired on an artificially water-soaked 
leaf ot‘ the approju'iate host. The leaf is water-soaked by scpiirting a stream 
of water from a liy|)odermi(' syrinjre against the lower surface; water-soak- 
ijij^‘ occui’s only if the stomata are open, and remains only a few minutes. 
Water-soaking’, if projierly done, does not seem to injure leaf (jells, as indi- 
(‘ated by the hxvt that when tobacco-mosai(j virus is poured o^ er water-soaked 
leaves of mosaic-iTsistant plants (N N) no necrotic spots iTsult (2). If a 
suspension of bactei’ia is placi'd on smdi a temporarily water-soaktHl leaf some 
of tlie bacteria enter tlie leaf, in the water-soaked area, and, if })alho^enic, 
th(‘A' sul)se(inently produce h'af spots (1); but temporary Avater-soakinj*’ does 
not increase snscei)tibility to nonpatlioji’cnic organisms. Thus, development 
of s|)ots on lea\’(*s inoculated in tliis Avay with suspected roots or soil shows 
that pathoj.ienic ba(‘tcria Avere ])r('sent in the tested material, and failure of 
spotting* indicates absence of the bacteria, or perhajis pivsence in very small 
numbers. 

XanthoiiioiKhs nsicatoriiL X. phnsioli vai*. soji ns(\ and Bacfvriiim nudi- 
ca(/inis var. phasiolicola Avere selected for study. They cause common, 
Avidely disti-ibuted diseases, and apjiear to differ someAvhat amoiifr them¬ 
selves in the method of overAvinterinji. E|)idcmics of halo blin-ht of beans, 
caus(^d by B. mcdlcaf/itils var. pimscolicohi are jrenerally believed to be initi¬ 
ated largely by seed-borne oi'^aivisms (4). Also, mueli of the })rimary infec¬ 
tion caus(*d by X. vcsicaioria, is thoujrht to be trac'eable to contaminated 
seed, but because epidemics have occurred in plants jiroAvn from seed b(‘- 
lieved to be clean, there is reason to believe that pi’imary infection can orij’i- 
nate in some otlier iinknoAvn source, perhaps contaminated soil (;]). Primary 
inoinilum for outbreaks of soybean bacterial t)ustule, (‘aused by X, phascoU 

I Till* iiivosti^ntion reported in this paper is in ('ouiieetion with a project of the Ken¬ 
tucky Agriculturnl Experiment Station and is published by ])ermissioii of tlie Director. 
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var. sojens(,, is eoiiiinonly th(>rij»‘ht to eoiiie ox erwintered orj^anisriis in 

lalleji diseased leaves (5). 

In the [)resent report are ^iven the results of tests designed to det(M-inine 
whether these 3 organisms (oni grow on roots and also overwinter in soil in 
association with Avheat roots. 

Colony Formation on Roots. Tlie ability of tlu'se species of bactei-ia to 
grow on roots was tested on 4 s])ecies of ])lants. Seeds of Thorne wheat, 
Rutgers tomato, Stringless green-pod bean, and Maeoupin soybean were 
surface-sterilized by soaking 2 hours in a 1.25 per cent solution of Na()(1, tlien 
germinated on stei-ile moist paper towel in sterile Petri dishes at 27^’ C. in 
the dark. In 2 days roots of the wheat seedlings xv(M*e large enough t<> Ix' 
inoculated (soybean, 2 days; bean, 3 days; tonudo, 4 days). Inoculum was 
])repared from 48-hour cultures on slants of y)otato-dextrosc agar (0.5 per 
cent dextrose). The bacteria were suspended in steril(‘ tap water, 1 to 2 
million (*ells |)er c(‘. In each test, roots of 10 ]>lants wert‘ immei*sed in tlie 
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roots w(‘rc iiiociilutcd. Siiict‘ 10 plnnts wore used in lest tliis figure' :0so gives iudi 

reetlv tlu* uumber of tests. 'I'lie iiumerateu' is tlie uuuiIk i- <ef plants on tl.e roots of wliieli 
baeterial eoloiiies were ju(‘seut. 

iuocidum. The inoculated |>lanls were then so phu'cd on slerilt* moist ])aper 
towels in sterile Petri dishes, 3 or 4 plants per dish, that the roots wewe in the 
moist air, not in contact with i»aper or glass. Two days latei* examination 
of the roots (mounterl in water) with the low power of a mi(*i*o.scope showed 
whether (‘olonies were present. Some of the tests wen* rei)eated several 
times, as shown in table 1. 

Li all the tests all 3 s])e(*it‘s (*f bai-teria multi|)iied and |)roduced c(»louies 
on the surface of the roots of wheat. Roots of bean, soybean, and tomato 
seedlings also snppoi*ted growth of the ba.(*tcria but p(‘rhai>s not so consis¬ 
tently as wheat (Table 1). In general, there seemed to be no tendency for 
the bacteria to grow better on the roots of their usual host plants than on the 
roots of at least one other plant teste<l. In fact xvheat roots se(‘med to sup¬ 
port growth of Xanfhoinonas vesiratoria and .V. phascoti var. sojcnsi' better 
til an did tomato and soybean. 

Overwinteriny in Assiwiation ivith Wheat Roots. The ability of these 
species of bacteria to ox erwvinter in soil in association xvith xvheat roots was 
r(*sted. Oi; Novembei* 11, 1943, Thorne wheat was sown outdoors in each of 
3 small plots, 3x5 feet, of spaded nonsterilized soil. Immediately, 750 (*c. 
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ol a 6-day beei-peptoiie-bjotli culture o! one of the 3 species of bacteria was 
s])]*iiik]e(l on each ])lot. KcU'h plot was thcji raked separately with a sterile 
rake, and sprinkled with 10 liters of tap water. At about monthly intervals 
between December 11, 194:1, and April 14, 1944, ten plants were du^’ from 
ea('h ])lot. The soil was washed from the roots in running** tap water. The 
root system of each i)lant was crushed separately in a sterile aluminum dish 
with a sterile j^lass spatula with 10 cc. taj) water, and poured on the lower 
suriace of a water-soaked leaf of tin* a]>propriate host: /.e., tomato, soybean, 
and bean. Development of leal spots on tlie innculated leaves was rejiarded 
as cvideiu'e ol tln^ presence of bacteria on or near the wheat roots. As a 
further ])recaution in each test bacteria wei-e is()lat(*(l from the spots and 
compared witli colonies from the original culture. 

A.(mth(nno)i(js vrsicatot'tfi was recovered from wheat roots in December, 
January, February, and March, but not in April (Table 2). In each test 

1 AHEK ‘J.— Jiictn'crif ttf \(iniUo))utnas rcsicdtiprid front roofs of ti'hfat plants proirn 
in inoenlat('(! soil ouUhtors in trinh r of U)^3~44 at Lc.rinpton, K(ntnclrtf. Root sifslcnis 
of pi plants crnshrd tndit iflnalln nt trah r and p<ntrrd on 10 walcr soakcd iomaio leaves 
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.Y. vesicaiorid was isolated from tyi)ical spots on tlie tomato leaves. Also, 
iji the tests of De(*ember, February 2:1, and Mai*cli, the isolated batderia were 
inoculated onto tomato l(‘aves and produced t\ jVic'al si>ots. Neither Hue- 
hriffnf rnrdicaep Ills vac. j>JKis(ol icfflo nor .V. phasioH var. sojense was recov- 
(‘red from the wheat roots at any time during the ]>eriod of the test. Al¬ 
though this need not ne(M»ssarily be interpreted to mean that these orj>:anisms 
cannot overwinter on wlicat roots, the jzeneral observation that bean halo 
l)li»>ht can b(‘ avoided l)y ])lantin‘Z' disease-free seed may mean that this organ¬ 
ism (/annot perjietuate itself readily in soil. The tomato and tobacco h‘af 
spots cannot be controlled by ])lantin^- clean seed; y.c., the organisms exist 
somewhere else*. |)robably on roots of some nearby plants. 

It will be desirable for individual workei-s to determine the ability of 
other bacterial patho.i»ens to live and overwintei- in association with I’oots. 
It would indeed be sur])risin^' if the tomato- and tobacco-leaf-spot organisms 
were unique in this respect. Several or many bacteria may be found to be 
able to overwinter in association with roots of unrelated s|)ecies, and perhaps 
some pathogeni(‘ funpn can do likewise—if .so, .some of the coiu'epts of host 
ranj»e and (M)ntrol of plant diseases by cro]) i-otation may need to be recon¬ 
sidered. 

Kentucky Agriculti/KAu Experiment Station, 

Lexington, Kentucky. 
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FAILURE OF BUD AND GRAFT UNIONS OF ROSE INDUCED BY 
CHALAROBSIS THIELAYIOIDES 

K E N N E T 11 F . B A K K U A N 1) 11 . 1^ A R I. T TI O M A S 

(A(M*t*])t(‘(l for imblicatioii l)(‘conil)cr 1, 1915) 

The ‘‘blaek mold’’ or ‘VManetti mold,” ihudavioides Peyr., 

has become important in i*e(Mmt years as a cause of graft failure of rose in 
the east and midwest. Tlie fungus also caused a failure of bud unions in 
field-grown roses in one area of (.California during the single year, 1940. 

The fungus was peiliaps first found on walnut shells from Scotland in 
1878 and on apricot roots in Australia in 1902 9, 11). It was first de¬ 

scribed (ICl) as the cause of a root rot of lupine {Lripinus albus) in Italy 
in 1915 and the genus CJialaropsis was erected at that time. It was again 
reported on lupine (/>. albus) j-oots in Italy (14) and (lerniany (12) in 1927. 
In 19150 it was very damaging to walnut grai'ts and occurred on carrot roots 
in England (5). In 19:52 the fungus was observed on layered walnuts and 
on walnut roots in England and it was reported in Palestine in 1933 on peach 
seedlings from EraiU'e (5, 9). The fungus Avas isolated from rose euttiiigs 
in Victoria, Australia, by Fish in 193() (9). 

The first definite report of Chalaropsis Ihidarioides in North America 
seems to have been from Oklalioma in 1934 Avhere it was causing root rot 
of stoi*(Ml (Chinese elm (()'). In 1938 the same species caused serious loss of 
roses in grafting frames in Illinois and New York on rootstocks of Rosa 
chliH usis var. Maudfi from a small area of northern Oregon (8). The dis¬ 
ease apparently had been present for some years before dis(*overy (10). In 
3 nurseries of Santa (Mara Oounty, (hilifornia, the fungus caused a failure 
of bud unions on undei’stocks of Manetti, Rosa odorata, and R. niulfiflora in 
1940 (1) ; in one field onl\' 2() per cent of the bud inserts had united in 3 
siu'cessive attempts. It is noteworthy that these losses occurred during the 
hot, dry months of August and September and that roses budded in a nearby 
field the following year oJi cuttings from these infected plants sustaiiu^d no 
detectable loss from the disease. In 1945 roses grafted by one grower in 
Alameda Founty failed be(*ause of decay by this fungus; since it is unusual 
to graft roses in California, this type of trouble is rai’e. The disease has not 
been found in southern California, jierhaps because roses there are largely 
grown on immune Kagged Kobin (Cloire des Eosamanes) rootstock and are 
field-budded rather than grafted. The graft disease also has been observed 
in Pennsylvania and the fungus found on Washington-groAvn understocks 
(19). The graft disease apparently has been associated only witli American- 
grown rootstocks. 

The fungus is of imfiortance primarily on greenhouse roses in grafting 
frames and in nurseries where the plants are budded. Because outdoor roses 
commonly are pi-opagated on the immune Ragged Robin or resistant Rosa 
midtiflora rootstocks, little trouble has been reitorted or would be expected 
in tliat crop. 
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Usually the disease on rose is first deteeted by tlie failure of tlie bud or 
seioii to unite with the sloek. On the interfaces of tlie bud shield or s(‘ion 
and the rootstoek fi‘e(|uently is seen a ei*ust or erurnbly mass of blaek spores 
and tliis j^ives rise to the name “blaek mold.” If, however, the speeimens 
are not oliserved within a few days the cut surfaces i'rerpiently are overrun 
by seiHindary funjii wliich may obscure or obliterate macroscopii'. evideiu'e 
of file causal organism; macroconidia may still be obsej'ved under the micro¬ 
scope at tills staj.’e and afford evidence of the disease. 

Tlie earliest staj^es are frequently overlooked bei^ause tliey ai*e less con- 
spimious than those outlined above. Very (prickly after germination of tlie 



Fig. I. Failuro of iN'orJos.s IjikIm to iinile with stocks of h*osa rhinf-nsis v:ir, 
IiU)Cumt(M| with a siisjuMiHiou of spoms of Chainropsis Ctif lavioKlrs otter hiuhled and 

tied with grafting rnbher; heJd in rotting fnnne for 24 dnys hefon being ])]iotogrnidi(‘d. 
Two stems at left ore noninoculnted eheck.s slioAving lienlthv cnllus formation. 'Plin^e 
stems at right show rejiresentativi* tnul foilnres. 

infe(ding sfiore tfiere is formed a. small area of frosty white eiuhx'onidia and 
scant mycelium wliich spi'eads rajiidly to cover the (*ut surfaces. This 
growth is most conspicuous with high humidity and may be very sjiarse 
under d»y con litions. On newly infected bud shields and wounded Manetti 
stems under humid conditions drojis of clear liiprid may ap(>ear for a short 
time, drying lo leave a shiny spot. The fro.sty Avhite growth darkens within 
a few days due to color (diange of the infecttHl tissu(\s and of the fungus 
itself, aitd gradually gives way to the black crust of macrospores. 
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The bud shield is killed and j)eriiieated by the i'un^nis. A s<*ion is killed 
by b(Mnf»' cut off from its moisture su])ply but may not be completely' invaded 
by tlie fungus. A suseeptible> ty}>e of i-ootstoek may’ be invaded for a short 
distance from the cut, but in the immune KaR'^ed Bobin ordy’ a surface 
stainin*^ has been noted, Tlie fun'rus does not attack vigorously’ }^ro\vin‘»' 
tissue with the rapidity’ oi- dejiree that it does dormant or senescent wood 
such as bud shields, scions, cuttiujrs, or branch stubs. Carnbial activity of 
such infected tissues is sui>pressed and no callus is formed. 

The ^raft phase of the disease is well illustrated elsewhere (3, 8, 10). 
The sy’mjffoms of bud failure seen in Calil'ornia are shown in fi<>’ure 1. 

The fungus atta(‘ks the basal end of a ('uttinii', preventing* formation of 
callus or roots and sometimes causing- its death. Cuttin^^s less seriously 
aff‘(‘(*ted may' show )-etarded <ii‘ow1h of shoots, perliajis because of impaired 
Avater absor})tion tliroiu»h tlie callus. Leaves cannot be infected (8) ; that 
this is not (diaracteristic' of chloropliydlous tissue is shoAvn lyy the susce])ti- 
bility of j^j-een stmus of smdi varieties as IXL and Rosa aiultlfiora, Grifferai(. 
Infection of rose roots is known (8) but apparently (oiuses little damajre. 

The pronounced fruity odor ol* the fungus on ajiar media and on rose can 
he dete(*t(Ml in a closed spare sucli as a jrraftinjr case*; it is said to be due to 
isobut.vl acetate (8). 

THE J’AT lion EX 

The fungus, (^halarojtsis thidarioidcs, Avhich caused this disease of rose 
in Galifornia, is identi('al in cultural and morphological characters Avith the 
runjzus j’eported in Xcav York and Oivjron (described and illustrated in 8). 
Also A'cry similar morphologically’, but ditfei-in^* somewhat in cultural char¬ 
acters, are tiu’ forms from walnut, lupine. Ghinese elm, and peach (described 
ami illustrated in 5, 6, 9, 13i. The rose fungus has been reported as similar 
to tlie imperfect status of (% raiosiomella radivicola from date palm (2). 
(U ratostoau'Ua sp. from plain’trees (17 U and Endoconkliophora varioS])ora 
from ('bestnut oak (4). It was found, hoAvever, that the rose fungus did not 
pair with either strain of G. radicirola or E. rariospora to form ])erithecia. 

All Avorkers are agreed that Chalan^psis thldarioidf s is a Avonnd fungus 
unalile to infect uninjured tissue. The [uiblished evidence and our findings 
are in ajireement that the fungus only slightly attai’ks vigorously growing 
tissue and produces tlie most severe damage on dormant parts such as stored 
Ghinese elm roots, rose bud shields, graft scions or cuttings, Avalnut scions, etc. 

The fungus invades the xylem, ('ortex, vascular ray s, and ])ith of rose and 
walnut stems, forming macroconidia in the vessels (5, 8). 

HOST RANGE AND RESISTANCE^ 

There have been 6 physiologic forms of Chalaropsis fhidavioidcs re- 
jiorted; these have been designated as the lupine (13), Avalmit (5), carrot 
(5), peach (d), (Miinese elm (6), and rose (10) forms. While these forms 

1 Some of the rootstt»eks used in this work were kindly supplied by Armstrong Nur¬ 
series, Ontario; California Nursery Co., Niles; and Western Rose (V)., San Fernando. 
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liave been described as dift'eriii}>* sli^litly in cultural Jiud morphological char¬ 
acters, tlie prime distinction is pliysioJogical, resulting in host specificity. 
That there is, however, physiological nnit'ormity within tlie sj)ecies is shown 
by the fact that the lu|)ine, elm, and rose forms are ('onsistent in vitamin 
recjiiirement, lacking ability to synthesize thiamine but able to form biotin 
and pyridoxine, whereas other species differ in these recpiirements (15). 

Tests were made to determine partial host range of some of tliese forms 
and of some (‘losely related fungi. The California and New York" isolat(‘s 
of tlie rose form of Chalaropsi):; fhklacioidcs strongly jiarasitized wounded 
rootsto(‘ks of Manetti, Rosa odoraia, and R. multi flora, but did not infect 
Ragged Robin. Tlie forms of C. tiurlavioides from In pint*," walnut/ and 
Chinese elm/ CrraloaUmicUa radicicola from date paim,“ and ('(ralostomclla 
fimhnaia from sweet potato were unable to jiarasitize any of the 4 rose root¬ 
stocks. Rudocou(dioph(>r(i sp. from jilane tree" did not infect Manetti root¬ 
stock but was slightly parasitic on liagged Robin. Eudocouidiophora vari- 
oHpora from chestnut oak ’ and Thkiariopsis baf^iada from tret* peony W(*re 
nonpathogenic tt> Manetti and Ragged Robin. 

E California isolate of the rose form v*as testt‘d for palhog(‘nicity on a 
number of other [ilaiits. A freshl\" peeled area on (‘ach stem was ino('nlat(‘d 
with a. pure culture and the stem held in a moist chamb(‘r. Rosa la,r<t, once 
used as an understock, was .found to be immunt*, R. I<fn(/icuspis, R. nulkaua,^ 
and R. californiiaf were moderately susce])tibl<*, R. (ppnutmarpa, R. malfi- 
fl>ora Grifferak, and the rootstock JXL were vcr\ susceptible. St(‘ms of 
orange and (Uiaenomflcs japonica, and roots and si(*!ns of [ Imas pumUa 
were slightly susceptible, stems of ])ear,'^ sweet clieri y, peach, almond, Mariana 
plum, and Persian and black walnut were moderately susceiitihle, and apiile 
was immune. 


Longree (8) found that tlie rose fungus grew slightly on wood of Chinese 
elm, black walnut, English wairiut, poplar, and i>ea«*li, and on i>otat(> tulavr 
and cairot roots in moist c'hambers. Some growth of the elm form was 
obtained on wounded rose stems under the same (‘onditions. Ilamond (5) 
reported «U(*(M-ssfnl inoculations by walnut ami carrot forms on carr(»t and 
vveak infection on lupine. 

Repeated iinxmlatimi tests with the Olifornia and New York isolates of 


the rost* fungus shoAved that rootstocks of Rosa odorata and Manetti Avere 
very susceptible, R. muUiflora moderately so, and RaggtM Robin immune 
(Fig. 2). This is in line with the observation that the fungus has occurred 
in rose fields in cerdral (California (and presumablA' in other western states 
since it occurs on the stocks following digging) Avh(*re the susceptible 


Culture supplied by Dr, L, M. lUassey (10). 
a OuJtuie supplied by Dr. D. K. Bliss from trausfer of 
4 Culture supplied by Dr. D. E. Bliss from Centrjinl 
tr.'uisfer of irairioiuDs isolate (5). 


Pey ron el ’s iS(da t(* (1 ,‘>). 

Bun'au voor Scbiinnudeultures 


'•Cultures supydied t>y Dr. K. W. Davidson (4, 0). 

« Culture suj>plied by Dr. D. E. Bliss (2). 

7 Culture supplied bv Dr. J. M. Walter (17) 

bility hfrlrtancf'"'' (jav.; .-..m.lfH indicating vnrin. 
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Manetti, B, odorata^ and B. midUflora rootstocks ai*e used, but has never been 
observed in southern California when* tJie iiniinine Raf^*f>‘ed Robin is used. 
Use of an immune type of rootstock should prevent the increase of soil 
inociduin. 

A study was made of tlie imnmiiitx' of Raji'^ed Robin rootstock. Treat¬ 
ment of hardwood stems in water at 100'’ C. for 10 minutes killed them and 



Fig. e. Rehitivc resistof 4 eoiiinioii rose rootstocks to Chalaropsis thiclavioidcs. 
Bnrk was slit as in bua(lin^^ steins (lipiKui in spore suspension, and held in cutting frame 
for 20 (lays before being photographed, l.eft to rigid: Ragged Robin, Jfosa mjiltiflora, 
A’, chint nii,^ var. Maurtd, and A. odorata in increasing order of siLsceidibility. 

destroyed their resistance to the fungus. Similar treatment at 50^^ C. re- 
du(*ed callusing and sprouting, and enabled the fungus to grow moderately 
well. Exposure to moisture-saturated air at 50^ C. for 10 minutes did not 
injure tlie stems and enabled the fungus to develop sliglitly; loss of immu¬ 
nity did not, tlien, result iroiii leaching of an inhibitory substance. The 
suseeptihility of stems of Manetti and Bosa odorata also was increased by 
such heating. 
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The developed (jiiickly in moist (dmnibers on eiit snrfHees of si'ions 

of Rosa odorata in eontaet witli Ka«»«»:ed Robin stems, and a[)parent]y devel¬ 
oped slijJilitJy on the latter at points of (*ontaet. Resistanee is not restrieted 
to phloem and eortieal tissiu's, for a (*om|)letely peeled Ra»>»’ed Robin stem 
is still immune. Wounded stems of /?. odorata sprayed with a spore sus|)en- 
siou and ('overed with macerated tissue or expressed sap of Rajij^ed Robin 
stems were not proti'eted from deeay. 

The addition of siu'rose, ealeium nitrate, or both to the si)ore susj)ensions 
spi’ayed onto wounded Ra^'jied Robin stems did not ])romote infeetion. 

These limited tests indi(‘ate that the immunity of RajU^ed Robin to the 
rose fungus is ]*estri('ted to livinj;* eells, is <le('reased by a de^rc'e of h(*at 
not markedly harmful to the host, aJid is not due to a strongly diffusible 
substaiiee. 

TnMPERATUKK RELATIONS 

Studies (5) with the walnut, peaeh, and eai*rot forms on ('ari'ot a^ar 
showed no growth at O'" (X, very little at slight at o|)timum at 18-30 ' 
(walnut 18-25^^ peach 25-30'^, and carrot 18'^), very little at 33^ , and lume 
at 35° C. Longree (8) found for the rose and elm forms on potato-dexti*ose 
agar that the minimum temperature for growth was O .'hf)'^' C., optimum 18 
27.5°, maximum 30.5-33°, and that at 33° the fujigus was killed in 35 
days. The elm fungus caused (20) l(‘ss root rot of (:hin(‘se (‘Im at 1.7 3.3 ( \ 
than at 4.4-10.0° or 12.8-23.9° V. 

To determine the relation of temperature to growth of the ros(‘ fungus 
on rose, stems of Rosa odorata were inoculated and lield in moist chand)ei's 
in the laboratory (about 25° C. ) ajid in refrigei ated rooms at 12.8°, 5.0° and 
0° C. After 26 days stems at 25° C. were bavUy decayed ; at 12.8° C. stems 
were blackened for 8 mm. and had abundant endoeonidia and macrospores; 
at 5° C. the stems were covered with endoeonidia (and after 79 days the 
stems were blackened) ; at 0° C. no fungus development could b(* seen (al tin- 
79 days there was a xery spar.se endoconidial (levelopment and no black¬ 
ening). 

It is apparent that if rose .stems as cuttings or stocks are to l)e stored 
under conditions inhibito?'y to the fungus, a temf)erature as close to 0° C. 
(21) as practicable without injury to the host should be usimI. It lias been 
suggested that Chinese elm plants should be stored at 1.7 3.3° C. to control 
root rot (20). 

DISSEMINATION OE THE EITNCJI S 

The spread of the fungus with iidected filant jiarts lias been shown for 
rose (3, 8), elm (2(t), and walnut (5). That the endoeonidia are ada])ted to 
dissemination in water is shown by their gelatinous consisteney in mass ami 
by their ease of wetting. Tlie severity of the di.sease under tin* moist con¬ 
ditions of the grafting case is (dreumstantial evidence of water dissemination. 
Field stocks in California ai*e grown from cuttings which root in ])lace. The 
soil is pulled away from tlie (*rown prior to budding so that the bud may be 



1946] 


Bakek and Thomas: Hose (iKaft Failuke 


287 


inserted close to the roots and thus j?ive a short ‘‘neek.’’ The resii]tin<»‘ ditch 
is used tor irrigation follovvin|»' budding and the water thus bathes the T cuts 
and. bud shields ot an entire row; this supi^lies an excellent mechanism for 
rapid spread of the fungus, particidarly when irrigations are frequent. 

There is strong circumstantial evidence tliat the fungus may be spread 
by tlie woi-k(‘r who does the budding. Because of the abundance and sticki¬ 
ness of the endoconidia it would be expected that they would be spread on 
the budding knife and tlie worker s hands or clothing. All of the fields 
involved in the occurrence of bud failui'c in Santa Clara County in 1940 had 
been budded by one worker and the evidence pointed to spread from field 
to field. Even though the introduced inoculum were scant, the rapid devel¬ 
opment of endoconidia. and the frecpient post-budding irrigations would 
<[uickly spread the fungus through the field. 

The 1940 epidemi(‘ in field-budded roses perhaps is best explaijied by the 
fai't that tile cuttings of Rosa odorata for one field were buried in (day soil 
for several weeks after removal from the plants during the rainy season and 
before lieing planted in the field. This unusual treatment, necessitated by 
delayed fiidd jneparation, was particularly favorable to development of 
black mold. Tlie grower riqiorted black crusts on the end of many cuttings 
mi removal from the pit, Imt ajiparently there had been no pronounced root¬ 
ing failure of the cuttings, perhaps because of selection of uninjured st(?ms. 
It was found (20) that storage of Chin(‘se elm trees in silt loam was more 
condiudve to Chalaropsis root rot than in sand, and that in heavy soil good 
drainage was recjuircHl. A]>plying these facts to the control of the rose dis¬ 
ease, th(‘ material usi'd for packing rose rootstoi'ks for (\astern shiiiimmt 
should lie porous and nevm* exct^ssively wet. 

B(*(‘ause of tin' signitii'ance of tic'ld infection of wounds tlie soil carry- 
ov('i* of tlie fungus is important. Composite sam])les were gatherc'd in Sep¬ 
tember, 1941, from the top 2 d inches of soil in one of the rose fields involved 
in tin* 1940 e])idemic. This was made up in a heavy aqueous suspension into 
whi<‘h peeled Afain'tti stems w<*i*(‘ dipjanl before incubation in a moist cham- 
bei*. R(*sults Avert* negatiAi* for both tin* bait-sti(*ks and (*hecks. Otlu'r (*om- 
posilt* samples coll(*«-l(*(l from the same field at 3-f)-incli depth in October, 
1941, wi‘re t(‘stt*d similarly and a small number (8 stems in 83) developtHl 
(dfalarti/)sis: after standing for 6 days the suspt'iisiou again Avas tested and 
9 in 81 stems Avt'ri* infeclctl. Bits of old stems of Rttsa odorata from the field 
were held in moist ('hainbers but no (Rndaropsos d<*veloped ; this Avas to be 
expectetl from tin* rapid |■e])la('em(*nl of the fungus by more suc(*essful sapro- 
pliA'tes ('ominonly^ obst'iwed in inomilated stems. Th(*]"e were viable sjiores 
present on the stems, however, as shoAvn by rinsing them in AA^ater Avhich Avas 
bait-tested as above, 1 stem in 101 developing Chalaropsis: after the wash 
Avat(*r had stood for 7 days a sei'ond test gaA'e 2 inl(*ct(?d stems in 71. Cln^c'ks 
difiped in tap Avatt*r remaiiu'd uninlVcted. Infested sand Avhicli had been 
used in a test in April, 1941, and stibscquentl.A' held dry in the laboratory, 
Avas tested by the same bait method 195 days later. Of 69 stems, 29 (level- 
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oped Chalaropsw, indieatinf»‘ that many spores of tlie fungus were still alive. 
The cheeks remained uuinfected. A similar test of the sand after 4 years 
showed the fungus to be dead. The bait teclinicjue should prove useful in 
determining Avliether a given field is infested by the fungus. 

These tests indicated that the fungus will live over in field soil for nearly 
a year. It is, therefore, a surprising fact that Manetti cuttings taken in the 
Avinter of 1940-41 fi’om the field of stock plants Avhi('h had sustained such 
heavy budding losses and planted in a field only a I'cav liundred feet away, 
had no evidence of tlie fungus in either stocks, or buds placed in them, 
during 1941. Tlie disease has not been found since in field-grown roses in 
California. 


CONTROL 

Cultural Practices. fSiuce rootstocks for greenhouse roses are grown 
largely on the Avest coast and some are grafted by commercial growers in 
other parts of tlie country, it is apparent that final control of tlie gi'aft fail¬ 
ure disease Avill involve cooxieration of the grov\(‘rs. It has been stated (10) 
that ‘^The problem is CAudently one to be ivorked out wliere the sto(*k is grown 
and packed. . . . Evidence to dati^ indicates that the problem fa(‘ing the 
nurseryman . . . should not be a difficult oiu^.’’ The use of western budded 
Iilants instead of locally grafted stock Avonld etiiH'tiAely transfer this jirob- 
lem to the Avestern groAver and automatically control the disease. The in- 
ci’casing trend (7) toward budded jilants may evmitiially eliminati* losses in 
grafting frames and reduce the disease to infiMMjuent iMidding failure in 
Avestern nurseries. This is regarded as the most effective singli' control pro¬ 
cedure for the disease.'" The budded type of plant .viidds as Avidl as the 
grafted one (18), and ('an be ])lante(i ()\’(n* a longer pm’iod of the growing 
season (7). 

A number of other practices Avould be hel])ful in reducing losst*s from 
tliis fungus. Cuttings should be planted in the fiidd luomjitly after being 
taken from the stock ])lant. If it is ru'cessary to hold iIkuii prior to jilanting 
they should be stored at about C., and it Avonld follow that rootstoi^ks 
shipped east for grafting might be liandled in tiie same way. Should it be 
necessary to store rootstocks or cuttings in sand or soil, the material should 
be as porous and Avell drained as po.ssible; tluw should never be buried in a 
jiit. It has been Siioaau (21) that dormant rose ))lants ke|>t best wlien stored 
at —1.1 C. in xiacking material ol 36—40 jier cent moisture content; no 
injury from fi'eezing, breaking dormancy, or attaitk liy molds Avas found 
under these conditions. 


Shlce the fungus is a Avound lAarasite. freezing and unnec'essarv nu'chani- 
cal injuries to the plants should be avoided. 

Ax)X)arently the x>arasite can be spread by Avorkmen, xieudiaxis on tools, 
clothing, hands, etc., and careful sanitation is therefore advisable. In situ¬ 
ations Avhere the fungus is troublesome it would be a reasonable precaution 
^ expressed views iii correspoiideuce in agreeineiit witli this 

grafting h^K'ause^^^nhe rose growers have diseontiiuied 
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to have workmen cliaivoe to clean clotliing, wasli careriilly, and disint'eet all 
loots with 1 per cent 1‘ormaldeliyde (1-40). Similarly all cutting benches, 
grafting frames, or propagating houses should be sprayed with this solution 
l)rior to use. Hairioiid (5) reported that this proc-edure plus painting the 
stems with formaldehyde prior to cutting reduced graft blight of w^alnut 
from 95 ])er cent in 1980 to 7 per cent in 1988. It is necessary to sterilize 
sand oi* otlier material in the grafting frame following diseased crop before 
it is again used. This should b<* done with steam or chloropicrin rather than 
formaldehyde because of tlje possibility that the latter ma}^ leave a persistent 
residue. 

It would be a wise precaution Jiot to replant roses in an infested field for 
several y(*ars, even though there was no recurrence of tlie disease in the 
singh* case rejiorted here. ih)tation of immum* Ragged l^obin with the sns- 
(‘Cptibie rootstocks wouhl i)r{*vent increase of inotnilum of tlie fungus. 

The* use of rootstocks of Ragged Robin and ])ossibly hosa laxa would aid 
in reducing losses fi*om this disease. The former stock is commonly used for 
outdoor roses and might be worthy of consideration for greenhouses. 

Projuigatiou l)y high budding (16) into growing canes of rootstock later 
made into cuttings for held jilanting might reduce' budding failure. Thus 
the l)ud shields would be iilaced in aerial stems which could liardly have been 
infested by the watei'-borne spores of Chalaropsis. 

(^lu niicnl Trvdtiiu ni of (hafts or Biids. Various workers have attempted 
to inhibit develoimieMt of (^liahtropsis thirlavioiilrs on various host parts by 
tin* use of ch(*micals. Hamond (5) painted walnut stO(*ks witli formaldehyde 
1 40 |)rior to grafting and was fairly successful in eradicating the fungus. 
Creager (8) used a 2-honr immersion of stock plants in various chemicals 
before potting; of thes(* potassium i)(‘rmanganate (1 lb. to 25 gals.) and for- 
mahh'hyde (1 820) uere ('onsidered best. AVright (20) reported that in 
tests on (diemical treatment of (’hinese elm roots no satisfactory control was 
i'tfected. 

Attempts w<*re made to find some fungicidal or fungistatic cliemical non- 
injurious to the liost (uimbium tliat might be used on rose grafts or buds to 
control the disease. Stems of Manetti, oi- less fi-eijnently Rosa odorata or 
R. niifiti/iora, wert* used in tin* tests. Piei'cs of bark were removed from 
several (usually 6-12) stems whicli were tlien dijiped in a suspension of 
endoconidia and immediately sprayed or dusted with the chemical or dipped 
in it. The stems were held in moist chambers or in cutting boxes of sand and 
obsei'ved for about a month for presence* of tlie tungus. A lew tests with 
grafted stems lield in moist ('ases, and one limited field test, were made. 

Of 74 different materials so tested, in over 110 different dosages and meth¬ 
ods of application, only the following had fungicidal or fungistatic proper¬ 
ties: Arasan (50 per (*ent tetramethylthiuramdisulfide—used as dust and in 
aqueous suspension at 1—200); Arasan plus 1—1000 Isothan Q15 (20 per cent 
lauryl i.so<piin()1inium bromide); Aivusan plus 2 per cent phenyl inercuiic 
a(*etate in bentonite 1—1; Dithane D—14 (20 per cent disodiuni ethylene bisdi- 
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tliioearbaniate) 1-100 plus zinc sulfate 1-400 and hydrated linu* 1--800; Dow 
seed disinfectant No. 9 (zinc salt of 2, 4, 5 triehlorophenol) ; Dow seed disin¬ 
fectant No. 10 (sodium salt of 2, 4, 5 triehlorophenol) ; Isothan Q15 1-100 
and 1-400; malachite ^reeu 1-100; 4 ])er cent i>heuyl mer(‘uri(' chloride in 
bentonite; sodium dimethyl ditliKX'arbamate 1-3.3. All of these materials, 
and many others neither fun;.»‘i(ddal nor funj»'istati(% were injurious to host 
cambiuiri and prevented its further »Towth. Attempts to inhibit the develop¬ 
ment of Chalaropsis by simultaneous inoculations of ajiar cultures and 
injured rose twiprs with (J, fJrielavioidrs and Pcincilliunt noiainm were 
unsuccessful. 

It would appear to b(^ very difficult to control the ^raft- or bud-failure 
diseases by chemical treatment at the point of union.Even though some 
chemical, iiihibitive or lethal to the fungus and Jioiiiujurious to host cam¬ 
bium, eventually may be found, for tlie preseni cojilrol may bt‘st be obtained 
by cultural i)racti(*(*s. The use of chemical dips for rootstocks would be 
advisable ])i*ior to j»raftin^‘ operations; formaldehxde 1-320 has been sii^- 
< 4 (‘sted (3). Because of tlie unimportance of the ^raft disease in (kdifornia 
no studies were made of <'hemi('al <lips for i*ootslo<'ks. 

SUMMARY 

Tlie black mold, Cluilaropsis Uficlarioldrs, caused failure of bud unions 
in several rose fields, and of grafts in one j^ivenhouse in (kdifoi'iiia. It has 
not been found in southern California where roses ai-(‘ largely gi-own on 
immune Haggl'd Uobiu rootstocks. 

Infected buds are ipiickly killed and lilackened. and the cut surract's ot* 
s<'ion and stock are blackened and union jireveiiied. 

Of the common undei-stocks, iiasd odoralit and U. (diinf nsis var. Manetti 
are very sus('e|)tible to the fungus, R. mnlfiju/ra nioderatel\' so, and Ragged 
Robin immune. The inummity factor of Ragged Robin is restricted to living 
cells and can be decreased by mod(*rate heat treatments. The rose form of 
the fungus is [lathogenic to nuimvrous otln'i* roses and woody plants. The 
lupine, walnut, and Chinese elm forms are nou|)ath()g(Miic to rose. 

The fungir; is dissmniiiated by inrected ])laMt parts, irivigation water, 
spatt(»ring water drojis, soil, and by the worker. It survives in soil or buried 
]>lant parts for nearly a year. IrilVxdion occurs only through wounds and 
tlie fungus is aggressive only on doi-mant plant [larts. 

The graft-failure trouble (/ould bi'st be avoided by the use ol* liudded 
roses, fungus-free rootstoi'ks, sanitation of tools, frames, etc., and chemical 
treatment of stems prior to grafting. Bud failure is rare, and can be pre¬ 
vented by immediate planting of cuttings or, when neeessary, by storing 
them at 0 (f, by rotation with an immune crop, use of immune Ragged 

Robin rootstoivks, by high budding into cam*s later made into cuttings, and 
by precaution against s])read by workmen. 

O'After this paper in (uint a note by A. Milbratl) n|)jK‘:n’e(l (Flor. Rev. 
97(2.509): 2()-27. 1945) in Avhidi similar results vith 28 fmigieides uen^ reported. It 

was suggested that iiifeet(*d enttings be .soaked 1 hr. in Oeresaii (1 lb. per 100 gal. w.-iter) 
before planting, and that Ixuiebes, tools, etc. Ik‘ sprayed wilb eopp(*r sulpbate (1 ll>. imu- 
5 gal. water) prior to use. 
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Preventive elieniieal freatnients of eut surfaces of the host were unsuc¬ 
cessful because futifricidal and fniifristatic materials injured host tissues. 
Division of Plant Pathology, 

University of California, 

Los Angeles and Berkeley'. 
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REACTION OF ONION VARIETIES TO YELLOW-DWARF VIRUS 
AND TO THREE SIMILAR VIRUSES ISOLATED FROM 
SHALLOT. OARLIC, AND NARCISSUS 

1* II 1 l i I r B R I K R T. E V I AND F L O Y D 1^' . S M J T H - 
(Accc]it(‘(l for iHiblicatioii DouoihIxh* d, 1945) 

As a part of a stiulA' of the nature and relationshii)s of viruses isolated 
from shallot (AUium ascalonictfm L.), j^aidiu (.1. safirutn L.), and nareissns 
{Narcissus pseudonarcisiiiis L. var. King* Alfred), 30 varieties oi* lots of 
onions {A. ccpa L.) were inoculated with these vii'uses and with an isolate 
of onion-yellow-dwarf viiais (5, 6, 7) ( - Allium virus 1 K. M. Smith = Marmor 
cepae Holmes) obtained from potato onion (A. crpa var. solamam Al(*f.) 
from West Virginia in 1943. 

The last named is (‘onsidered to be the common or type strain of yellow- 
dwarf virus, namely, that originally described by Melhus rf al. (6). Hen¬ 
derson (4), who quotes (biddings as staging that this disease was confined 
to potato onions when observed in West Virginia in 1916, considered a 
sample of the West Virginia virus a du})licate ot* the one under study in 
Iowa. Other isolates from onions by the writers, narm'ly, one fi*om New 
York from perennial tree onicm (A. ccpa var. vivipanon Metz) supplied 
by H. A. Jones and two from Oregon, from commeridal onions supplied by 
F. P. McWhorter, aj)[)ear to be identical with the West Virginia virus. 
This admittedly small numbm- of sanii)ies indicates that yellow-ilwaiT o(*cur- 
ring in commercial onions is usually of this type, and that other types such 
as our i.solates from shallot, garlic, and nan'issn.> are at least iiot commonly 
encovuitered in oirioJis in nature. An isolate from Evei-ready onions received 
from England in 1944 by H. A. Jones also api)cars to b(* of the common 
yellow-dwarf type, agreeing with this in symptom ex])ression in the test 
variety Bbenezer, and fajling to infect IMah Sweet Spanish. 

The shallot virus was isolated from comnuTcial shallot supplit‘(l from 
Eaton Rouge, Louisiana, by J. E. Welch in 1943. Of 13 other samples sup- 
|)lied by E. C. Tims from jjouisiana, 10 were found infected with yellow- 
dwarf as shown by symj)t(>ms and by transfer to onion. In one sample of a 
strong-growing variety marked “Miller No. 1'’ oidy 2 of lb plants Avi*re 
affected, and a virus-free line of this has been segregated. Symptoms in 
sliallot are essentially as in onion, and readily I'ecognizable, but Ijouisiana 
shallots arc apparently a(!ce|)table commercially when affected althougli 
Green"(2) has shown that yield is markedly reduced by a disease very 
similar to this in England. In onions the sym])toms of the shallot virus 
are similar to those of common yellow-dwarf, except for greater virulence* 

1 Pathologist, Division of Fruit and Vugutatile Crops and Diseases, Bnnuni of Plant 
Industry, Soils, and Agricultural Fugiiusiring. 

2 Kntoniologist, Division of Truck Crop and Garden Insect JnvtLstigations, Bureau of 
Entomolvigy and Plant Quarantine, Agricultural Research Administration, Pnited States 
Department of Agriculture, Beltsville, MaryJ.'ind. 
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as shown by more extreme dwarfiiijr and folding downward of leaves. The 
shallot virus is probably a strain of yellowedwarf, but comparisons of proper¬ 
ties and other criteria ai*e jiot yet complete. Only tlie one isolate from 
shallot has been compared in detail with yellow-dwarf, and it is not certain 
that the virulent strain is characteristic of shallot infections. This virus 
is readily transmitted from shallot to onion by mechanical inoculation and 
also by Myztis persicae Snlz. with the methods used for viruses that are 
non|)ersistent in the vecdor. 

The ^mrlic virus was isolated from commei’cial late or Italian jiarlic 
submitted by F. P. McWhorter from Orej^on in 1943. Two other samples 
of late p:arlic from Oregon and one sample of early or Mexican jrarlic and 
one of late jiarlic from California expressed 100 per cent mosaic symptoms 
when j»:rown in our <^]*eeidiouse. Indeed, all AIJiurn sativum jiarlic seen 
by the writers has shown mosaic. Transfers from several <i*arlic samples 
to onion have been accomplished by mechanical inoculation and by Myzus 
})(rstc(i(\ usinji' the transfer technique adapted to viruses nonpersistent in 
the vector, but tlu‘se transfers typi(‘ally yield low i>ercenta|res of infection. 
Th(‘se isolates, including' one from j^arlic collected in Lanchow, China, by 
T. P. Dykstra, appear to be similai* in the test onion variety Ebenezer, but 
only one has been com paired with yellow-dwarf in detail. Symptoms in 
onions are similar to yellow-dwarf symptoms in early statics, but there is 
much less foldinjr down of tlie leaves in later slaj’vs and the disease is niiich 
juildcM* in (‘tfect. P. McWhorter* recalls collectinji* a mild disease of this 
order in onions in ()i*e‘»*on, but \\v have no further i-ec'ord of such a disease 
api>earin}i‘ naturally in onions. The status of the garlic virus is still uncer¬ 
tain, but it may prove to 1)(* a mild strain of onion-y<*ll()w-dwarf virus. 

The narcissus isolate was made to ICbenezer onion fi‘om typical narcissus 
mosaic material sn])pli(*d by F. A. Haasis. Transfer of this by Myzus 
/H rsicar lias succeeded oidy once in several attempts and tlie virus has not 
yet been returned to narcissus. Therefore this isolate is not necessarily 
nar(*issns-niosaic virus (3) iu»r necessarily a common invader of narcissus. 
No t!-ansf(‘r from narcissus to onion by mechanical means lias succeeded even 
under conditions that jiermit success with the garlic to onion transfer. 
Sx'mptoiiis of tlie nart'issus isolate in onions are similar to those of garlic 
mosaic*, and the virus is evidently closely allied to the latter. 

All virus cultures were maintained in Ebemzer onions, the four isolates 
btMug carrieil in pai*all(*l so that inoculum was of (*omparable age for each. 
In tlie writers’ earlier tests, inoculation by juice and by Myzus persicae 
transfer ])rodm*ed similar results, varieties susceptible by one method prov¬ 
ing susce])tible by the other method also. Inasmuch as all four isolates are 
transf(‘rr<‘d with ease from onion to onion by the carborunduin-leaf-rubbing 
metliod, this method was used in tlie variety tests here* re])orted. 

Onion varieties for testing were grown from seed su])plied b^ II. A. clones 
and planted Sejdembm* 21, 1944, except that two additional lots of Yellow 

Personal eoinnmn'u'otion. 



294 


J ^11 YT( )PAT HOLOG Y 


[ VoL. :j(> 


Sweet S|)aiiish and one of Utah Sweet Spanish were sown February 16, 
1945, to eonfinn unexpeeted fiiidiufrs witli tlie main ])lantinjxs. Inoeulations 
were bej’un in January and continued into May, or until infection with one 
or both of the more virulent viruses was complete. Some of the September- 
planted onions were inoculated six times, those planted in February 
tliree times. 

TABLE 1.. Rraclioh of onion rarirtirs to ifrltow (hrarf virus and to fhrrr olhvr 

isotatrs from .shallot, (jarlic, and narci.s.sn.s 


Pr(‘vioii8 rcactioiei No. plants iiitoctod'’ n illi 
to yellow-dwarf virus str.-iin from : 


Va riety 

Belts 

ville 

Iowa 

Yeb 

low- 

dwarf 

Shal 

lot 

Garlic 

Xar 

eissus 

Australian Brown . 

S 

s 

ln 

10 

7 

0 

Bri^liaiu Yellow (41ol>e . 

s 


Id 

1.9 

10 

10 

(.'aliforniM Early Bed 

s 


7 

10 

( 

0 

Creole . . 

s 

s 

.’i 

10 


o 

Early Yellow 01 olio 

s 


10 

m 

H 

ii 

Ehenezer . 

s 


10 

10 

9 

10 

Oolden Olobe . 

s 


10 

10 

10 

9 

Italian lied .. 



s 

10 

10 

9 

Afioliitran Yellow Olobe . 

s 

s 

10 

10 

s 

9 

Bed VVetliersfield . 

s 

s 

10 

1.0 

4 

9 

Soulhjiort Bed Olobe . 

s 


10 

10 

0 

S 

So util port White Olobe. 

s 


10 

10 

9 

0 

Stoekton Vbdlow Olobe . 

s 


7 

10 

4 

4 

Whit(‘ Portu^^al . 

s 


1.0 

10 

S 

8 

Yellow 01ob(* Danyt'i's. 

s 

s 

■ 10 

10 

() 

0 

Yellow Olobe Danvers 

s 

s 

10 

10 

10 

9 

( 'rvstal Orano . 

T er S 


it' 

10 

s 

4 

Early Yellow Babosa . 



0 

10 

0 

0 

White Babosa . 



II 

10 

0 

0 

rtah Sweet Spanish . 

1 

( 

(1 

i> 

0 

(1 

White S\v(*('t S])anish'' . 

I 

side 

2 

10 

>) 

11 

^"('llow Sweet Spanish i UDU seed)*’ 

1 

Sweet 

i’t 

10 

-1 

" 

Yellow Sweet Spanish ( 1 }14;l seed p’ 

T 

Spanish. 


10 

1» 

2 

A'ellow Sweet S])ani8h ( .1944 seed ) 

1 

IN 

li 

p 

(I 

0 

Crystal Wax . 

I 

S 

0 

10 

0 

0 

Lord lIow(‘ Island 

1 


0 

10 

0 

n 

San .L/iujuin 

1 


0 

10 

0 

0 

Yellow Bermuda 

I 

( Bermuda 

0 

10 

0 

0 



Bed.S) 





'\m.|ihidii)l(*id var. Beltsville . 

1 


0 

0*« 

0 

0 

Nebuka. 

1 

I 

0 

O'l 

0 

0 


a B Suseejrtil)!**, I - Immune. 

•'J?) eaeli (-ase IC plants were iiioeidated. 

Strain mixtuiv in se<*d lot. 

Subinoenlalions also negativi'. 

The result of iiioeiilatiiiR- the four viruses into 27 varieties of onions and 
three dnjdieate lots is shown in table 1. It is evident that 10 of the 30 
lot!, .showed iiunuinity to tyi)ical yellow-dwarf virus, and that all lots showinfr 
irumunity to this also proved iinniune to the inildei- viruses from jrarlie and 
nareissus. In strong contrast, the .shallot isolate infected all typical onion 
varieties exposed, and only Nebuka (Allium fistuloxum L.) and an ainphi- 
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diploid {A, fistulosiim > A. vipn) proved iiniriiioe to this virus. Nebuka is 
a uoiibu]biuj.»: sjieeies, used extensively iji the Orient as a ^reen onion. The 
anii)hidiploid tested here was from a hybrid of Nebuka l)y White Portii|ial 
onion, produced by H. A. Jones and associates, and about to be introduced 
as a ^reen bunching' onion under llie varietal name Beltsville. 

Henderson (4) reported only Kiverside S\^'eet Spanish iminime from 
yellow-dwarl amon^’ 36 onion varieties tested iji Iowa, but also listed Nebuka 
as immune, not rejiardinj*' tiiis as an onion. Onion varieties have chanjied 
duriujr the interv(min<»‘ 10 years, so that comparatively few of those listed 
by Henderson are iiu'luded in our trials. Henderson lists Crystal White 
Wax and Bermuda Red as susceptible to yellow-dwarf. Crystal Wax and 
Yellow Bermuda as now cai*ried l)y H. A. Jones have proved uniformly 
immune ti'om this virus iji our tests. It is not reasonable to assume that the 
Iowa outbreak was of tlie shallot type, for tliis strain readily infects all 
S\veet ASj)anish onions we have tested. Additional varieties susceptible to 
xellow-dwai'f in Henderson's list and also in other trials at the Plant In¬ 
dustry Station, Jbdtsville, Maryland, are Bottle onion (= Scott County 
Clobe), Mountain Danvers, Potato onion, and Southport Yellow Globe. 
The White Persian variety, not tested in Iowa, ]>roved susceptible in our 
trials. 

Sevei'al dis(*re])aneies ap])ear in our own data tor tlie Grano and Sweet 
Spanish varieties. In table 1 (hystal Grano apj>ears fully susceptible to 
yellow-dwarf, and tlo' relat(*(l Babosa varieties immune. In previous trials 
two lots of Early Gi*ano and one of (h*ystal Grano «i‘ave immune reactions, 
but oiu* of ('rystal Grano yielded 54 per cent sus(^e])tible, with the remainder 
insus('(*ptil)le atter five inoculations. 

Sweet Spanish varieties have proved uniformly immune from yellow- 
dwarl' in 18 previous ti’ials, and Ptah Sweet S])anish withstood repeated 
inoculation in a parallel exjH'riment (1). in the pr(‘sent series (Table 1) 
t)n(' lot of Yellow Sw(*et Sj)anish and one of White Sweet Spanish yielded 
suset*ptil)ltvs, not only to the comtnon yellow-dwarf Aiiais but also to the 
milder viiMises from jiarlic and narcissus. This Yellow Sweet Spanish from 
1943 seed was replanted in Febrtiary together with 1944 seed of this variety 
and s(‘ed of Ptali Sweet Spanish for comi)arison. In this second trial of 
Yellow Sweet Spanish from 1943 seed, susceptihles aji’ain appeared, while 
the 1944 seed lot of this variety and the Ptaii Viiriety A’ielded only immuues. 
Tin* 1943 seed lot j^ave rise to noimlossy individuals as well as to semi|i‘lossy 
])lants (‘haracteristic of Sweet Spanish types. It is therefore considered 
that this Yellow Sweet S])anish was a strain mixtinv not eharaeteristic of 
the variety. A similar mixture may also be assumed to liave been pi*esent 
in the Wldt(‘ Sweet S[)anish lot listed in table 1. 

Inasmuch as (*ommei‘('ial onion A’^arieties are thus touiid to A’ary in reac¬ 
tion it is ])referal)le t(» state* that lines immune from yellow-dwarf luwe been 
found to oceur in the Spanish-type varieties Burrell’s Sweet Spanish, Colo¬ 
rado No. 6, Utah Sweet Spanish, White Sweet S|)anish, and Yellow SAveet 
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Spaiiisli, and also iii Ciystal (fi’aiio. Early (Irano, Early \dlow Babosa, 
White Babosa, Crystal Wax, Lord Howe Island, San Joaquin, and Yellow 
Berinnda. It should be emphasized that all these lines tliat have been tested 
have proved susceptible to the shallot virus, only Nebuka and the Nebuka 
X White Portugal amphidiploid variety Beltsville proving iiniiiune to the 
latter. 

A study oi‘ tlie inheritance of immunity from yellow-dwarf, carried on 
through thi*ee seasons, has failed to provide a satisfactoi’.v genetic interpre¬ 
tation. It seems certain tliat immunity fi'om typieal yellow-dwarf could be 
iiK'orporated into all onion varieties, but it is highly unlikely that the 
inheritance of immunity will ])rove simple enough to peianit the breeder 
to proceed without repeated testing for yellow-dwaivf !‘eaction in successive 
progenies. Extensive series of subinoculations from inoculated ])lants in 
these studies indicate that symptom expression is I'eliable in all varieties 
provided tliat they are maintained in active vegetative growth. 

It should be statiul that shallots are grown commercially in the United 
States only in Louisiana. If these plants are brought into commercial onion 
districts for horticultui*al or genetic studies, it would he wise to start them 
from seed, in order to avoid the danger ol' extending the range of the 
shallot virus. 

SUMMAKY 

Twenty-seven varieties of onions were mechanicall\’ inoculated with 
onion-yellow-dwarf virus and with related isolates from shallot, garlic, and 
narcissus. T(*n variety sanqiles ju'oved immune from yellow-dwarf and also 
to the isolates I'rom garlic and Jiarci.ssu.s, while 17 ^arieties were suseeptihle 
to these three viruses. 

All but Nebuka {Allium fisiulosum) ajul an amj)hidip]oid, Nebnka 
V White Portugal, ])roved snsecptible to the shallot virus. These two green- 
buneJiing types are immune to all four viruses under te.st. 

All four viruses were transmissible by i)crsiai(. 

Plant Industuv Station, 

Bkltsviili:, ]\I aryland. 

LITKRATlUr: riTKD 

J. lililKRMvY, P., .\. \\ . Sti ART. Iiilluriiro of nitrogen tmtrition on sus(*(*ptif>ilit v 

of (iiiioTiH to vc^low-dwnrf virus. Phvtopntli. 36 : U) 46 . 

2. Green,!), h. A snspcctcMl virus disonse of shnllot.s nnd onions, dour. Itov. Ilort Sot*. 

70:24-29. 1945. 

3. IfAASis, F. A. Studies on iinrcif^fius mosaic. Cornell Agr. l-Ap. Stai Atcinoir 

193!). 

4. HE'^dersont, W. J. Yellow dwarf, a virus disea.s(i of onions, and its control. Iowa 

Agr, Exp. Slat, itesearcfi Bnl. 188. 19.35. 

5. Holmes, F. O. Handbook of ])liytopat]icgeiiic virn.ses. 221pp. Alinneapolls. 1939. 

6. JVIeliu s, 1. E., C. S. Redd^ , W. ,T. Henderson', and E. VestaIj, A new virus disease 

epidemic on onions. Pliytopatli. 19: 73-77. 1929. 

7. Smith, K. M. A textbook of plant virus diseases. 61.') pp. London. 1937. 



INFLUENCE OF NITROGEN NUTRITION ON SUSCEPTIBILITY 
OF ONIONS TO YELLOW-DWARF VIRUS 

Phi LIU liKiLRLKYi AX» Neil W. Stuart-' 


(Accojitod for publication December 5, 1945) 


In testing*: onion (A//nfm cepa L.) varieties and hybrids for reaetion to 
onion-yellow-dwarf virus' ■ ( ^- Alliinu virus 1 K. M. Smith - ilfarmor 
cepac Holmes) it was noted that low infeetion was associated with low 
nitrogen level in (‘ertaiii potting soils. In the season of 1944-45 a test of 
this apparent relation was made by growing 4 varieties of onions at high 
and low nitrogen levels in subirrigated benches filled with Haydite. 

T a/’n //r.s*. 8eed of 4 commercial varieties was furnished by H. A. Jones. 
Ebenezer was selecded as a representative of the highly susceptible class, 
and Utah Sweet Spanish as an immune variety. Two varieties, Creole and 
Stockton Yellow (ilobe, wci*e chosen as apparently resistant to but not 
immune from this virus, on the basis of |)revions testing in soil culture. 

Source of virus. Onion-yellow-ilwarf virus was isolated from naturally 
infected Midtiplier onion (Alliuru cepa var. .'<olauiuni Alef.) from West Vir¬ 
ginia in March, 1943, and svdx'ultured in Ebenezer. All inoculations were 
made by the (*arb()ruiulum-leaf-rubbing method, which has proved highly 
eflfi(deiit for transrer of this virus under favorable test conditions. 

Expi rvmenial (lesuju. Eight of nine cement bench sections, each 8 feet 
by 57 inches by 7 iiudies were filled with grade Haydite, and the ninth 
with a good soil mixtui'c, uonijiosed of 2 parts composted soil, 2 parts sand, 

1 part manu]*e, and 1 pai*t muck. Seeds of 3 varieties were sown August 
16, 1944, directly in these benches. Seeds of the fourth variety. Creole, 
were sown on the same date in thumb ]>ots of the same two media, and shaded 

2 hours daily with lilack sateen cloth until Septeiidier 21 to avoid premature 
bidbing likely to oi'inir in this variety under long-day illumination. The 
(■reole ])lants wer(‘ lrans|)lanted into the assigned bench sections on Sep¬ 
tember 26. Four rej)licati()ns of high nitrogen level and 4 of low nitrogen 
level were randomized among the 8 Haydite-filled bemdi sections. In eadi 
of these 8 plots and the om* soil ]>lot 3 rows of each of the 4 onion varieties 
were grown, with plant counts ])er variety plot ranging from 37 to 64. 
The total number of onions in the experiment was 2,033, with a mean of 
56.5 plants per variety plot. 

All plants were watei‘ed from the top until August 30. At this date one- 
half tlie final nuti-iimt level was supplied to eacli Haydite plot by pumping 
from the tanks twice daily. 


I ruthologist, and - Plivsiolugist, botli of tlu* Division of Fruit and V(*gctablu Crops 
and Disoascs, Bureau of Plant Industry, Soils, and Agrieultural Engineering, Agrirultural 
Posearcdi Administr,ation, Ignited States Departnient of Agriculture, Boltsville, Maryland. 

3 Molhus I. E. 0. S. Roddy, AV. J. Henderson, and E. Vestal. A new virus disease 

epidemic on onioiLS. Phytopath. 19 : 7. 19-9. - . 

4 Smith K M A text book of plant virus disease.s. Ola pp. London. 196i. 

f> Holmes, F. O. Handbook of phytopathogeiiic viruses. 221 jip. Minneapolis. 19:i9. 
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Each tank liad a volume of 198 liters of solution. On September 27 , 
solutions were ehanjied and full-strenjrtli nutrient levels were then iiiain- 
tained. Solutions were (completely renewed at intervals of 4 weeks. At 
weekly intervals the iiiti-ate content and ammonia jiitro^en (‘ontent were 
determined and restored to previous levels. Nitrati* was determined l:)y the 
pheiioldisiilphonic acid method usiii^ an Amiii(‘o Type F })hotometer. 
Ammonia was measured in the same instrument after nesslerization. 



T i( 4. 1. CliMrnctcrislic.s of ^roMth of onions in Hnvdito culture T>(Ternl)(‘r (> ]044 • 
A fit xow A loycl (0 j.pin.) ; B ;,t high \ level (lid -Note thiit. growth is norninl :,i 

low level, but much more vi^>'orous at the hi^rhe,. i^.yel of nitro^tMi. 


The low N nutrient solution eoiitained the following niillinioleeular eon- 
ceutrfltions of six nutrient salts: 0.18 (la (NO,)^ -4 11,0 [f) jtpni N and 7 2 
pprn. Ca], 0.036 (Nil.,).SO. |1 ,,pm. N], 0.75 Iv.SO., |:58.6 ppni. KL 
1.62 0aCI, -2H20 164.8 ppm. Ca |, 1.0 MgSO. ■ 7 U,0 |24.3 pimi. Mgji 
and 1.0KH,PO. 131 ppm. P and 39.1 ppm. K|. The high N nutrient solu¬ 
tion diliered in that it eontaiiUHl 10 times as mmdi OalNO.)., 4 H.O and 
(NIIJ^SO. but contained no CaCl, -2II,0. Both low and high N soln- 
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lions also eontained 2 mnn. of Fe, 1.5 of Mn, 0.5 of B, 0.15 of Zn, 0.06 of 
Cii, and 1 (*(*. i)er litor of ai)r)roxitnateIy 0.1 X 

Tht^ hi^^h nitrojion level was ebosen as favorable for vij.jorous vegetative 
growth of onions on the basis of previous studies of onion-seed.produetion 
in Haydite eultur(*. TIk^ low iiitr(i»en level was (dioseii arbitrarily at one- 
tenth the hi^h level, pi'ovidiji^ a solution eapable of siipjandin^^ less suceAi- 
lent but still tairly uoriual growth without extreme symptoins of nitrogen 
defieieney (Fig. 1). During the weekly int(‘rvals betw(*en analysis and 
restoration of solution levels, all the ammonia nitrogen was ('omrnonly ab¬ 
sorbed or oxidized at both levels. The nitrate nitrogen sometimes drop¬ 
ped as low as 25 to 20 ppm. at the higher level and 2 to 3 ppm. at the lower 
level, but the proi)ortional relation of 10 to 1 remained nearly eonstant. 

Rrsulfs. All j)lants were inoeulated with a uniform preparation of 
yellow-dwai'f-virus exti-a(d on Oetober 24, and again on XTvvember 14. First 
symptoms were re(*ognized in Ebenezer, Freole, and Stoc'kton Yellow Globe 

TAIMd^ 1 .—Ktjvci nf hiffh and har nilrofim h rf'h in Jlajidifc cultnrf on su.scepti- 
hiiif.y of onions lo ipdlon' /hrnrf, r.rpn ssrd as prromlnffr infection. MeanH of / replicati H 
compared with sidl enJfnrr not rrplieated 
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0.0 
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I >itTi*rs V ( ndds iM* : 1) t’riuii iu»';ms otln*r vnriotios. 

*' I Jitters signitiejnit 1 V (odds : 1 ) from irieaiis of oilier treatnieiits. 

at the high X level and in soil on Xov<*mber 3, and at the low X level on 
Xovemijer 7. On Deeend)i*r 5 all reeognizably diseased ])lanTs were removed 
fi*om th(‘ b(‘ds and seored. The mean percentage infection for varieties 
and X levels is shown in table 1. 

Varianct* analysis of the data for ])ercentage infection (Table 1, (k)lnmns 
1 ami 2) on Decembei* 5 shows diffi*rem*(‘s in \ eilow dwarf expression at the 
1 |)er (*ent h'vel between varieti(‘s and between X h‘vels, but no significant 
interaction. Higher peri'cntages of infection at the high X level than at tlie 
low level ar(‘ significant within the resistant varitdies Stockton Yellow Globe 
and Ci*eole; (lifi'ereiu'cs are smaller and nonsignificant within the susceptible 
varitdN- Ebenezm*. Th(‘ mean ditferences between tlie susceptible Ebenezer 
and the iH'sistant \'ai‘it*lies, Stoi'kton bellow (dol>e and ( r(*ole. aie ’veiy 
highl\" sigJiitb'aut, hut there is ihj significant difieience bet\^een the two 
resistant varieties. The ]'jlot of good soil (*los(*l} appioached the high X 
level plots in performaiu'e. d'lie immune Utah Swe(‘t Spanish was uuatfected 
at (bther level of X. it is (included that low X levels may significantly 



300 


Phytopathology 


[VoL. 36 


liamper expression of yellow dwarf, tLat this effect is more likely to be 
encountered in varieties having a teiidencA' merely to resist infection, but 
that nutrition levels show no tendency to break down inimunity. 

At this point it se(‘med of interest to determine wlietlier the low intection 
observed at low N level represented an actually lower ]>erceutafie intection 
or mei’ely a failure to express symptoms. Accordingly, the low N level 
plots were raised to hit'll N level on December 5, and so maintained without 
further inoculation until January 3. DuiMn<i‘ this mouth at hijrh N level 
36 additional plants in those formerly low N level plots showed infection, 
a mean f*‘ain of 5.5 zt 2.03 per cent per varietx’ plot, sliovvin<»‘ that additional 
plants previously infected were able to express symptoms at the liijih N 
level. 

Variance analysis of the data for infection in low N ])lots Jauuai'y 3, 
one month after these xvere raised to hijih X l(*xa*l, in (comparison with the 
December 5 data for high N level (Table 1, Column 1 vs. Column 4) sliows 
the same general differtm(‘es as the first analysis. Therefore a real differen(*e 
is found between varieties and between-uN levels with respect to total infec¬ 
tion, iiKjluding infe('tions that were not yet <‘vident on December 5 at the 
low' N lev(d. Difference's due to N level and to variety are thus highly sig- 
nifmant with respecd to pen^entage infection as xvell as to ('xpression of 
symptoms. 

The retarding or j)reventive effect of low N level is grv'atest, and higldy 
significant, with respe(d to infection, but small and nonsignificant with 
respecit to d(day of expression (Table 1, (/’olnmn 2 vs. Column 4). Admit¬ 
tedly, it was not detormiiied whetb(*r further ex])ression would have o('- 
(Uirred in an additional month at low N level, or whether further ex}>r('ssion 
would have occurred in the higii N level j)iots witliont further iuO(*ulation, 
but such rehiiements could not have altfuvd the eoiK'lusion that low N levt‘1 
depresses infe(diou. 

In commercial culture of ouious, uitrogru will not often fall low einuigh 
to affect infection with yellow dwarf. However, in experimental ]>ot cul¬ 
ture in soil, nitrogen may IxM'ome limiting and lead to low infeetioii and 
expression. It is im|)«)rtaijt, therefon*, to maintain satisfactory X levels 
in siudi cultures when studying yellow dwari effects, 

HESISTANc’K TO ONION YLLLOW DWARF 

Iirimuiiity to yellow dwart in sonu' Sweet Spanish vai'ieties lias long been 
known'’' but the resistaiu'e of Creoh» and Stockton Yellow Clobe has not been 
noted previously. lic^sistance is of minor interest to the breeder of new 
types when immunity is available, except that it may act as a confusing 
factor in interpreting iidieritance of immunity. Tlie present experiment 
piovides evidence that these resistant onions differ shai'ivly in ri'sponse to 
yellow dw^arf inoeulation from the highly susceptible Elxmezer and also 
from the immune Utah Sweet Spanish. 

« Henderson, W. J. Yellow dwarf, a virus disea.se of onions, juxl its control louji 
Agr. Exp. Stat. Res. Bui, 388. 3935. 
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It was considered desirable to determine whether a resistant variety is 
genetically uniform, so that all individuals are capable of infection, or 
whether evidence of segregation J'or immunity could be found. Accordingly 
all varieties in liigli N level jdots were (continued, and plants in the soil plot 
were transplanted to these on December 5 to increase the size of samples. 
These plots were maintained at high N level until June and inoculated 17 
times in all, at intervals up to April 17, when bulbing and fiow^ering ten¬ 
dencies made furtlier inoculations un|)rofitable. The cumulative percent¬ 
ages of infe(*tion recorded at intervals are shown in table 2 . 

TABJiK 2.' -Ciimvldtivr prreenUtge of jp How dtrarf rnfrcUon in 4 varictirs of onions 
f/rown at hifjh S Ivrtd in IJaifditf’y rosaltinff from .17 successive inoculations hf t ween 
October iN and April 77 
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94..3 

99.0 

100.0 





93.1 

Stockton Y( 

t'Uow (11 o1b.‘ 

261 


41.4 

70.5 

80.1 

88.1 

92.3 

92.7 

Creole 


21M) 

18.C 

37.8 

58.4 

68.6 

79.7 

83.8 

83.8 

83.8 

T'tah Swe(‘t 

, Spanish 

289 

u.u 

0.9 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 


T1h‘ sus(*eptible Ebeiiczer develops a high percentage infection promptly 
and I In* few escapes soon succumb to fiirthei* inoculation. In the resistant 
Stockton Yellow (dobe and Creole varieties 20 to 30 i)er cent are infected 
early, and the esca]>es gradually are infe(ded in small rather unilorm 
ijicj-eiiients ovc!* siweral months ajid many exposures. It was not leasible 
in this study to demonstrate that all individuals of the Stockton Yellow' 
(dobe and Creole varieties aiv suM'cptible, but tliis seems more probable 
tliaii that they .show scjii'e^ratioii for iiiiniunity. 

It is al.so of interest to note that there was no bi-eakdown of immunity 
in Cfah Sweet Spanish at favorahle hi<;h nilro<ren level and under repeated 
t‘x posting 

SUM.MARY 


Four varieties of onions jerown at hi<.di (hO ppm.) and low (6 ppm.) 
wwkly initial N levels in Haydite were inoetilated with ouion-yellow-dwarf 
virus Both tin* iiereentatre expression of symptoms and the percentage 
actual infection were lower at the lower X level, both differences being 

highly .significant. ~ .3 

Immunitv of the Utah Sweet Spanish varie1.\- was unaffected In- repeated 
inoeulatioti at a high N level tl^at enhanced i.tfection in both susceptible 
and resistant varieties. Two varieties, th-eole and Stockton \ellow Globe 
showed resistance to infection distinct from the immunity ot Idah Sweet 
Spanish. 

Plant Industkv Station, 

Beltsville, Maryland. 







THE RELATION OP SOIL TEMPERATURE TO TPIE DEVELOP¬ 
MENT OF ARMILLARIA ROOT ROT^ 

1> O N A r. D E . B L I S S 
(Aco(ipte(l for i)Tiblioatioii Dcccinber 7, BHo) 

Soil temperature is one of the important eonditioniiij:!;’ factors in the 
development of root diseases. Much of the literature on this subje'ct has 
been summarized l)y Jones ef aK (7), and, moi’e riM'ently, by Garrett (b). 
The relation of soil environment to the deveioiJinent of Armillaria r(H)t rot 
has, however, received little attention, thoujrh thv ('ausal ajrent, Anndlana 
mellca (Vahl) Quel., lias been known for many years and the disease is of 
considerable economic importane(\ A series of expeiMimmts was undertaken 
to determine, if possible, the effe(*t of soil temjieratures on the ‘rrowtli of 
certain economic and ornamental speeies of plants, and on the deviJopment 
of Armillaria root rot on these plants. 

The effects of soil temperature on|i)lant »xrowth are best studied under 
controlled conditions free from the diurnal and seasonal duetuations of tem¬ 
perature characteristic of the natural soil (‘nvii*onnient. Modern thei'ino- 
statically controlled ecjuipment jirovides a practical means of obtainiim* 
nearly constant temjieratures in soil for extendt‘d j>eriods and o\'ei‘ a com¬ 
paratively wide ran^e. The residts (d* smdi exj)eriim*nts lielp to ex[)lain the 
geographic distribution of the dis(*ase and its s(‘asonal development. Al¬ 
though the temperature of soil in nature cammt usually be controlled, 
exploratory studies of this kind serve as a guidi* in formulating etb^ctive 
control measures. Soim* of the cardinal findings of the first of the <'X|)eri- 
ments have been given in a brief j)i‘e]iminary repoi-t (1 ). A (*omi>lete. more 
detailed re])ort is |)resented luuv. 

.\i.\TEKIALS AXr> .MKTIlUnS 

The effect of soil temperature on ])lant growth, and disease development 
was studied in the greenhouse by means of five soi]-teiMi>erature tanks ( 2, see 
fig. 22, p. 61), in wliiidi water baths ^^m•e maintained at controlled tempera¬ 
tures. jSeedlings or cuttings were gi’()wn in light sandy loam in metal con¬ 
tainers, or pots, 8 inches in diaimUvr and 12 inc}u*s tall, without holes for 
drainage. These metal pots were inserted through holes in tin* tank lids and 
submerged to a depth of 8.5 indies in the v\ater baths. There were 8 metal 
pots in each soil-tem|)erature tank. 

Nine species of plants were used: Koethen and Homosassa swe(‘t orange 
(Citrus sinensis | L.] ()sl)e<‘k). Standard sour orange (U. mininfiinn ]j.), 

1 Peper No. 530, University of California Citrns Ivxjicriincnt Stati(»n KiviTsidc, 
California. 

2 Assoc'iato Plant Patliologist in the i^x|>criiinMit Station, 'flic writer is indebted to 
H, S. Fawcett and A. P. (\ TImms f(»r helpful ndviee; to L. C. Cochran, A. S mioads and 
J. M. Wallace for i)lant materials; and to Uobert O. Bn‘am, Newton Noble Cur] Moore 
Knbert J. Drake, George Jeffrey, Elizabeth Parker, P(*arl Golding, h C Masters L l/ 
Huillicr, and Carol McEarland f(»r assistance in the laboratory and gnamluMise. ’ 

;u»2 
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Sampson tangelo (hybrid of C. paradisi Macf. and 0. reticulata Blanco), 
California pepper tree (Schinus moUe L.), easiiarina (Casuarina strieta 
Bry.)? Lovell peach (Primus persica Sieb. and Zucc.), Royal apricot (P. 
armeniaca L.), geranium (Pelargonium hortorum Bailey), and Ragged 
Robin rose (Rosa sp,, var. Gloire des Rosonianes). 

The citrus seedlings of experiments 1 and 6 (Table 1) were transplanted 
to small pots after one year in the seedbed, and were later transferred to the 
metal containers for the soil-temperature tanks. Stratified seeds of Lovell 
peacli and of Royal apri(;ot (experiment 2) were germinated in flats and 
transplanted to the metal pots. After one yearns growth under uniform 

rABLtj 1. Tenipcrat'urrM of air and of water haths in greenhouse soil-tcmperature- 
ianlc experiments with Armillaria root rot 
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conclilioMS, tlicso plants were placed in cold storafre for one mouth, before 
the beninniiifj of the soil-temperature experiment, to induce dormancy. The 
prei-aniiiras (exi)erinient 2) and Katrsed Kobin roses (experiment 4) were 
grown from cuttings. Seedlings of California pepper tree (experiment 3) 
and of casuarina (experiment 5) were first transplanted from flats to small 
pots and thence to the metal containers for the temperature tanks. 

hJacli metal pot contained 1 to 3 plants, and weighed amounts of air-dried 
potting soil and water. When prepared, all containers in any one experi¬ 
ment had the same total weight and nearly uniform soil-moisture percent¬ 
ages. The soil was irrigated with distilled water to avoid excessive accumu¬ 
lation of salts. The soil-moisture content was maintained within the range 
between wilting percentage and fleld capacity by adding Avater at 2- to 7-daj 
intervals to raise the total weight of each j)ot to a certain predetermined 
level. Small amounts of calcium nitrate or ammonium sulphate were applied 
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uniformly to all pots in any one experiment to maintain an adequate nitro¬ 
gen supply. All j)]ants were grown at first on a beiieli in the greenhouse 
under similar environmental conditions, before the beginning of the differ¬ 
ential soil-temperature treatments. The plants were generally vigorous and 
reasonably uniform in size at the beginning of eacdi experiment. 

Te m pera I ure Co n irol 

Tlie water in the five soil-temperature tanks was heated by electric soil- 
heating cable; that in three tanks w^as also cooled by means of electric re¬ 
frigeration and circulated b 3 " means of pumps. After the plants had become 
established, the metal containers in which thcA^ wvrv growing were inserted 
through the holes in the tank lids and partially submerged in the water 
baths. Exce})t in exi)eriment 1, a 2-inch la\^er of dry, granulated peat moss 
or cork was spread over the soil of each container for insulation immediately 
after inoculation. The soil at the surfac^e, though reasonably well pro¬ 
tected, w'as atfected somewiiat bv the air temperature, espeeialh' if the tem¬ 
perature gradient was large. Differences u]) to 2^ C. were noted between 
temperatures of tJie water baths and of k)il in the surface-inch of subnKvrged 
pots. 

The temperatures of the air and of the water baths w’ere recorded each 
day at 8 : 30 a.m., and at 1 : 00 and 5 : 00 ]>.m., to check the accuracy of tem¬ 
perature control. B.y means of thermostatically controlled steam coils and 
a desert cooler, the air temperatures of the greenhouse w^ere nuiintain(*d 
mostl^y betw^een 21^ and 27^' C. The greenhouse was covered in summei’ 
with a coat of w’hite i^ainl to lower tlie air tempe^rature and I'cduce radiation. 
The temperatures of tlie wiiter baths ranged mostly within y: 0.5*^ of tlie 
desired levels. Weekly mean t'^mperatures of the air were cahndated from 
thermograph charts by means of a polar planimeler (4. p. ub). Mean tem- 
])eratures for each w atm* bath were obtained b.v averaging 17 to 21 readings 
per wx^ek. With few exceptions, the performance of the control nuMdianism 
w^as satisfactory. The weekly mean temperatures ol' the water baths showed 
comparatively small ranges, the minus variation being imver more tlian 0.0 ’ 
and the plus variation being from 0.1*^ to 2.5'^. 

Inocalaiidu 

Stock culture B.508 of ArmiUaria mdica was used in the preparation 

of all inoeiilum for experiments 1 to 5, inidiisive. This culture had been 
isolated October 22, 1937, from tlie sour-orange rootstock of a mature Va¬ 
lencia-orange tree near Azusa, California. Two strains of A, mellea werr* 
used in experiment fi: culture B-700. a reisolate of B-508, and culture 
B-701, a reisolate of B-677, which h ul been i.solated July 3, 1941, from a 
peach root collected at Hamlet, North Carolina, and sent to me through the 
courtesA’ of Dr. J. S. Cooley. 

Segments of citrus roots or peiiper-tree stems, 1 to 2 indies in diameter 
and 7 inches long, were used in the preparation of the inoculum. The seg- 
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ments were sterilized in an antoclave, inoculated with Armillaria, and incu~ 
bated at 20° C. until tliorouj^hly invaded by mycelium and covered with the 
I)sendosclerotium ol the funj^Tis. The segments were then inserted singly in 
the pots, in vertical holes made in the soil Avith a soil tube. Inoculation was 
done with the least possible disturbance of tlie soil or injury to the roots. 
Control plants were treated in the same manner but with sterilized root seg¬ 
ments. The sterile segments used in the control pots in experiments 2, 3, 
and 4, had been previously inocidated Avith the pathogen. The inoculations, 
Avliich Avere made a fcAv days after the beginning of the differential tempera¬ 
ture treatments, marked the V)egdnning of the experiments (Table 1). 

REST'LTS 

Effect of Soil T( mjjtrahin on the XoninocAilai Suscepts 

In experiment 1, the growth of Koethen-SAveet-orange and Staiidard-sour- 
orange seedlings Avas greatly retarded at 10° C., and the new leaves Avere 
small and very chlorotic. Greatest top groAvth occurred at 31°, and the 
roots grew most rapidly at 17° to 31'. In experiment 6, all Homosassa- 
SAveet-orang(‘ seedlings and Sampson-tangelo seedlings died at 7°; those at 
12° wcvc chloroti(‘ and subnormal. Root development was similar to that 
of the toi)s, 12° being near the critical tem])eratnre for growth, and 17° to 
27° l)eing a favoralile range. The mean dry Aveight of the tops was greatest 
at 27°. 

All Lovell-peaeli se(‘dlings, Royal-apricot seedlings, and geranium cut¬ 
tings in ex])e]*iinent 2 died at a soil temperature of 38° C. Top growth of 
th(‘ [)eaches was greatest at 31° and least at 10°; root growth Avas greatest 
at 10° and 17°, however, and least at 31°. The apricots also developed the 
largt'st to|)s at 31° and the smallest at 10°. but root groAvth Avas greatest at 
17° and l(‘ast at 10°. The largest geraniums, including both tops and roots, 
developed at 17°, though tlic plants at 10" were nearly as large; the smallest 
living plants develo|>ed at 31 . 

Exi>eriment 3, witli seedlings of (kalifornia pepper tree, involved tAvo 
different levels of soil moisture. Definite amounts of water and air-dried 
soil were mixt‘d together when the seedlings Avere potted, so that soil in the 
so-(*alled “dryseries contained 6.5 per cent moisture, and that in the wef 
seri(\s, 17.7 per cent, on a dry-weight basis. A uniform distribution of mois¬ 
ture was not maintained in tlie “dry” seriis, however, because the small 
amounts of Avater applied to the surface at frecpient intervals were retained 
in the upper two-thirds of the soil mass, and moisture in the bottom Avas 
probably reduced to the Avilting range. This situation adversely affected the 
groAvth of the toi)s and tlie Aveight of the roots. A soil temperature of 10° C. 
retarded top groAvth, but the increments in terminal growth and in diameter 
of stem were greatest, and of similar magnitude, from 15° to 30°. Tlie root 
systems were"i-elatively small at 10° and at 30°; they were larger at inter¬ 
mediate levels, and Avere at their optimum at 15°. 

In experiment 4, with rooted cuttings of Ragged Robin roses, there Avas 
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a definite trend in vegetative growth of tlie tops, from weakest growth, at 
8° C., to strongest, at 28°. The largest number of feeder roots occurred 
at 23°. The terminal growth rate of easnarina seedlings (experiment 5) 
was greatly retarded at 7° and most rapid at 27°. lioot development seemed 
best at 12° and 17°; at 27° it was comparatively slight. 

Effect of Temperature on the Pathogen 

The relation of temperature to tlie development of rhizomorphs of Armil- 
laria mellea^ was studied in tlie laboratory by growing the pathogen on 2 per 
cent potato-dextrose agar in large test tubes (Fig. 1). Twenty-one tubes 



Fto 1. Effect of temperature on the tlevelopment of rhizomorplis of Armillnria 
mdlea in 2 per cent potato dextrose a^j^ar. Inciduited 11 days at the following teniju'ra- 
tnres: A, 10® j B, 14.6®; C, 19.7 ^; 1), 24-\; E, 27,4®; E, 31®; G, 36® C. 


containing young, well-establisbed fungus colonies were diiided into seven 
groups of 3 each and incubated 11 days at 10°, 14.6°, 10.7°, 24°, 27.4°, 31°, 
and 36° C., respectively. Judging from the relative size of the rhizomorphs 
and the rate at which they penetrated the media, the most favorable range 
of temperature was 19.7° to 24°. Khizomoriihs of normal appearance, but 
retarded in growth rate, develofied also at 10°, 14.6°, and 27.4°. Very little 
growth occurred at 31°, and none at 36°. Keitsma (8), in Holland, found 
that A. -mellea in peptone nutrient solution produced greater dry weight 
at 25° C. than at 15° to 19°, or at 10°. 

In the inoculation experiments in the greenhouse, all containers except 
those of the controls were supplied with segments of freshly prepared root,s 
a Culture PB-41, isolute.! .lami-iry 10, l!):i.5, from citrus, Orange County, California. 
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TABLE 2. Effect of soil temperature on Armillaria root rot of citrus seedlings, 
experiment 1 


ft o il - 

Koethen sweet oi 

■angc 

Standard sour orange 

t(MU|>era- 

turo 

Total 

plants 

tested 

Plants attacked 

Total 

plants 

tested 

Plants attacked 

Severely 

Slightly 

Severely 

Slightly 


No. 

No. 

No. 

No. 

No. 

No. 

10 

9 

4 

0 

9 

6 

1 

17 

9 

1 

2 

9 

3 

4 

24 

9 

0 

2 

9 

0 

0 

ai 

9 

0 

0 

9 

0 

0 

38 

9 

0 

0 

9 

0 

0 


or stcitis containiiig viable mycelium of Armillaria mellea. This inoculum 
contained abundant food reserves—probably more than enough to maintain 
viability" tliroughout tlie longest experiment (438 days). Some i)ieces of 
inoculum in the “dry series of experiment 3 may have lost viability because 
of undue drying, but for the most part, viability was lost only at soil tem- 
))eratures of 30° C., and above. Armillaria in all the experiments was viable 
in inoculum after 181 to 438 days at temperatures of 7° to 28°, inclusive. 
The largest development of rhizomorphs, both in number and in length, 



Fjo 2 Roots of Kocthen sweet orange, experiment 1, showing lesions of Armillaria 
root rot which developed at 10": A, taproot ; B, hraaoh.-d teeder root. Note attachment 
of dark fungus rhizomorphs to the lesions. 
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occurred at the lowest temperatures, and the least development, at the high¬ 
est. This surprising tendency was observed in all tlie experiments. 

Effect of Soil Temperaiure on Pathogenesis 

None of the noninoculated plants in these experiments \vas inlected with 
Armillaria root rot. Among the inoculated plants, infeidion was limited to 
tliose at soil temperatures in which the pathogen produced rhizomorphs. As 
demonstrated by Thomas (9), infection was initiated with the penetration 
by a branch of the parent rhizomorph directly through the sound, healthy 
periderm of the suscept. The method was similar in tire different suscepts, 
regardless of their relative susceptibility. Citrus seedlings were considera- 

TABIjE 3.— Effect of soil Umperntinu on Armillaria root rot iff liomosassa swcct- 
orange and Sampson-tangdo scediings, ( jperinu nt 6 




Culture B-70U 


Culture B-7()l 

iSOJl — 

tempera¬ 

ture 

Tot.-il 

|)laiit.s 

tested 

Plants attacked 

Total 

plants 

tested 

Plants attacked 

Severely Slighlfv 

Sj'verely Slightly 


TTomosassn swt'ct <n*ango 


"C. 

.Yo. 

.Vo. 

No. 

No. 

.Ve. 

No. 


7 

‘■> 

0 

0 

4 

0 

1 


12 

o 

0 


4 

0 

2 


17 

2 

0 


2 

0 

2 


22 


0 

0 

4 

0 

0 


27 

i) 

0 

(» 

.4 

0 

0 


Sampson tanijelo 


No. 

No. 


No. 

No. 

No. 


7 

4 

0 

1 

o 

2 

0 


12 

4 

0 

•1 

• > 

0 

0 


17 

4 

0 

4 


0 

o 


22 

5 

0 


o 

0 

1 


27 

4 

0 

II 


0 

0 



bly more resistant than the other plants that were tested. The citrus experi¬ 
ments. though comparatively long, were terminated before any jrlants liad 
died or hud shown marked secondary symptoms of Armillaria root rot. Tire 
effect of temperature on pathogenesis was therefore judged in citrus b\' the 
size and number of lesions produced 

In Koethen-sweet-orange seedlings, after 438 days, infection was com¬ 
paratively severe at 10"', nmderate at 17'\ and slight at 24® C. (.Table 2). 
Necrotic lesions on both the taproots and the small feeder roots were mark(‘d 
by the attachment of dark fungus rhizomorphs (Fig. 2). The lesions were* 
swollen and contained considerable amounts of gum and also the typical 
white fungus fans of \rmiUaria in the bark and cambium. Tlie presence 
of mycelium in the roots Avas also demonstrated by tissue cultures. Seed¬ 
lings of Standard sour orange, under similar conditions, reacted mucli like 
those of sAveet orange: the root rot was comparatively severe at 10® and 
moderate at 17® (Table 2). 
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In the citrus seedling’s of experiment 6, the ilisease deA eloped at tempera¬ 
tures of 7^ to 22° C., but most rapidly at 12'^^ and 17°. Homosassa-sweet- 
oran^e seedlin<i:s "w^ere not attaeked at 22", and were attacked only slightly 
at 7° (Table 3); but seedlings of Sampson tangeJo were infected at all tem- 
y)erature levels, from 7° to 22°, inclusive, and a})peared somewhat more sus¬ 
ceptible than the sweet oi*ange. The North Carolina strain of Armillaria 
(culture B--701) seemed to be nearly as pathogenic* as the California strain 
(culture B -700) in this experiment, though in earlier, preliminary experi¬ 
ments wdtli Califoi*nia |)epper tree, poinsettia {Poinsettia pidcherrima Gra¬ 
ham), and Royal apricot, it had seemed less ])athogenic. 

The relation of soil temperature to the development of Armillaria root 
rot was clearly demonstrated in experiment 2 (Table 4). Peaches, apricots, 
and geraniums, three very susceptible species, were infected at 10° C., but 
the disease progrc'ssed more rapidly at 17° and 24°, all the plants being 

TABLE 4.— of soil tempf raiirre on Armillaria root rot of Lovell peach, lioyal 
apricot, and geranium, experiment 2 


Soil 

jH'ra- 

tun? 

Tiovcll pcach<‘ 


Koyal apricot 


Geranium 


Total 

j’hints 

tented 

Plants attacked 

Total 

plants 

tested 

Plants 

ittackod 

Total 

plants 

toasted 

Plants attacked 

S(*veroly Sliglitly 

Sevendy 

.Slightly 

Sev(*r(dy 

Slightly 

■ C, 

No, 

No. 

No. 

No. 

A3). 

Ao. 

A’o. 

AV). 

No. 

10 

9 

5 

4 

.‘) 

1 

1 

3 

o 

1 

17 

9 

9 

0 

3 

3 

0 

3 

o 

0 

L’4 

9 

9 

0 

3 

3 

9 

3 

3 

0 

;;i 

9 

0 

0 

•> 

0 

0 

.3 

0 

0 

38 

9 

0 

0 

3 

0 

i) 

3 

0 

0 


a Dclavod foliation uffoetod 1 plant at % 3 plants at 17'‘, and 3 jdants at -4° C. 

sevtu'cly infecded at these temperatures, and most of them dying during the 
experiment (Figs. 3 and 4). The plants at 31° and 38° escaped infection 
because the dcvelo})ment of rhizomor[>hs W4ts inhibited. At 38°, the plants 
died from excessive heat. 

Barge iiiM'rotic l(‘sions d(‘velo])ed in roots of both tlie pefiches and the apri- 
(*ots, tlies(‘ lesions containing the (diaracteristic mycelial fans of tiic pathogen 
and exuding co|)iiis amounts of gum (Fig. r)). Death occurred only when 
all roots wei-e infected and the lesions had girdled the stem. Tlie toi>s of the 
geraniums wert* not kilh‘d so t*asily: tliese plants, because ol their suc('ulent 
stems, remained alivt* even alter the roots and the basal portion ot the stem 
liad di(‘d from effects of the disease (Fig, A yellowish mottling, wilting, 
and necrosis of the leaf blades was noted (Fig. 0, B) during infection, and 
the older leav’cs dro|)i>ed Iroin the stems, leaving onl\ a few of the youngest 
leaves at the apex. Even wdien the stem had been invaded and killed for 
several inches above tin* soil, the apical portion w'as alive and capable of 
generating a new’ root system. 

Seedlings of Caliromia pepi)er tree, in experiment 3, had tlie following 
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iiunibers of infcctod plants (of tho 7 iiioculatod plRiits in oach lot) at tho 
various soil temperatures: 

Series . 10° 15° 20° 25° 30° C. 

‘‘Dry'' . 2 4 4 4 0 

“Wet" . 5 7 0 0 0 


Soil temperatures of 15*^ to 25° C., inclusive, Avere most favorable to tlie 
disease. Infection also occurred at 10°, but pathoj^eriesis was slower. The 



Fig. 3. Inoculated seedlings of Koval apricot, experiinent 2, sliowing tlie oft’r'ct f>f 
Armillaria root rot at different soil ternperatiires. A. Plants infected at 1(^ ' P., hut 
injury moderate. P and C. Plants infected and dead at 17'^ and 24 ’, resi>i‘ctively. 1>. 
Large noninfccted plants at 31'. E. PJ.ants not infected, hut Inllod by excessive heat 
at 38«. 


plants at 30° were entirely healthy because growth of the pathogen had he<‘n 
inhibited. Secondary symptoms appeared first at 20° in diseased i>lants of 
the “wet” series, 67 days after inoenlation, and at 25° in those of the “dry” 
series, 136 days after inoculation. Most root-rot lesions in the “dry” series 
■were near the soil surface because dryness of the soil near the bottom of the 
containers had inhibited the growth of both roots and rhizomorphs. Soil 
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moisture, under tliese conditions, affected the rate of pathojrenesis and also 
the percentap^e ol infected plants. The symptoms observed durinjr infection 
were rapid wiltinjjj and death followings the complete gfirdling of the stem 
above the hig:hest lateral root (Pig. 7). 

In experiment 4, with Ragged Robin roses, the i)eriods from inoculation 
until development of the first visible lesions, at the various temperatures, 
were as follows: 68 days at 18°, 77 days at 23°, 124 days at 13°, and 160 days 
at 8° C. Greatest injury from Armillaria root rot had occurred at 18°, 
when, after 181 days, the ex])eriment Avas terminated : at this temperature 
4 of the 6 inoculated plants were dead. Injury at 13° and at 23° Avas moder¬ 
ately severe, and at 8° it was moderate. All plants at 28° Avere strong and 
healthy. 01 tbe 24 inoculated plants in the range 8° to 23°, inclusive, only 



Fig. 4. Ocrjiniums, o\'jM*rimcnt 2, showing tlie effect of different soil temperatures 
on the development of Annillurin root rot. A. Plants infected at lO-* C., but injurv 
moderate, B and F. Plants seveiatv iijf(>cted at 17'-'' and 24“, resp(‘ctively. T). Plants 
not ijjferted at 31 . K. IMaiits not infected, but hilled bv excessive heat jit 38'^'. 


2 })l<nits (at 23°) liad eseaped infection. Attaek by rlii/omori>lis, Avhieh 
Avere most numerous at the loAver temperatures, bad produced many swollen 
and necrotic lesions on the roots and (‘alies. 

Gasiiariim s<*eilliugs. in exj^erimeut 5, sliOAv^'d tbe first \ isible symptoms 
of Armillaria root i*ot after 94 days at 22° C., after 164 days at 17°, and 
aftei* 207 days at 12°. At the close of the experiment (after 324 days), there 
were «lead plants at 12°, 17°, and 22°, but injitry Avas most seAwe at 22A 
Only slight to moderate injury was found at 7°. Of tbe 6 inoculated plants 
at ea(di temperatuiv level, all Avere infected at 7° and 12°, 5 Avere infected 
at 17°, 4 at 22°, and none at 27°. Typical primary symptoms Avere found, 
consisting of dark, necrotic, localized, sAA’ollen lesions in the stems and roots. 
TJie pseiidoselerotium of the patliogen AA^as A’isible as dark lines in longitudi¬ 
nal cracks in the bark. Some of the inieeted plants had suiAiAcd in appai- 
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piitly o’ood condition by developing: clusters of small lateral roots along the 
stem above the lesions.'^ 

DISCUSSION 

In the experiments reported in the present paper, pathogenesis occurred 
at soil temperatures of 7° to 25'' C., inclusive. The maximum was between 
25° and 27°; the minimum, probably slightly below 7°. The optimum, al¬ 
though broadly defined in most eases, varied from 30° to 25°. The reason 



Fig. 5. Nocrouc lesions of Armillariji root rot in roots of sootJlinj^ plants of expoi i 
ment 2. A, Lovoll peach, at soli temiicrature of 21" C.; B, Koval ajn-icot, at 37'. 

for this variation was clarified somewhat when the temiieriiture reejuirenu'iits 
of the diifereiit (‘Xi)erimental plants -were considered. The peach Jiad the 
lowest optimvini temperature range for root growth, and the rose the highest. 
When .all nine speeies were arranged in this manner, they formed two groups 
(Pig. 8): A, those ])referring the lower temperatures for root growth (10° to 
17°) ; and B, those preferring the higher (17° to :n°). The first group 
included peiich, casuarina, pepper tree, geranium, and apricot; the second, 

.. of'" of castwrina had be<!a inocnlated in a similar manner 

with CUtocybe tahcsMs tHcop.) Bros., from Florida. The rcsnUs wer<. enliroly negativ e. 
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sweet orange, sour orange, Sampson tangelo, and rose. The optimum range 
for i)athogeuesis in group A was relatively high (15° to 25°), while that in 
group B was relatively low (10° to 18°). Thus, an inverse relation existed 
between the optimum ranges for root growth and for pathogenesis. In other 
words, greatest resistance to Armillaria root rot was shown by all these 
plants at temperatures most favorable to root growth. 



The liealthy <;oii(Iiti()n of inoculated roots at soil-temperature levels above 
25° C. was apparently due to freedom from attack. At 26° to 31°, plants 
in group B were healtliy and also had maximum root growth; plants in 
group A were health,\-. but root growth was poor in that range of tmnpera- 
ture. Roots of peach, apricot, geranium, and citrus were killed at 38 . In 
these experiments the maximum temperature for root growth in citrus was 
approximately 37°. an.l that for peach, apricot, and geranium was approxi¬ 
mately 34° (Fig. 8). 
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Freedom from attack at these higher temperatures may be explained by 
the response of the pathogen. In agar the rhizomorphs of Armillaria grew 
slowly at 27.4° and very little at 31° C. In woody inoculum, buried in soiJ, 
the mycelium was viable after 181 days at 28°, but nonviable after 240 days 
at 30°. Since very few if any rhizomorphs were produced in soil at tem¬ 
peratures above 25°, plants grown in this range escaped infection because 
the means of disease transmission were lacking. 



.The experiments on Armillaria indicate that the optimum temiieratures 
for pathofrenesis and for the growth of the patliogeii are not always tlie same. 
jV similar situation w’as discovered by Dickson (5) in regard to the seedling 
blighis of wheat and corn, both of which are caused by Oihherella sauhiiu tii 
(Mont.) Sacc. (optimum growth temperature, 24° to 28° C.). 'Wheat seed¬ 
lings, growing better at low soil temperatures, were healtliy at 8° but 
severely blighted at 16° to 28°. Corn seedlings, groNviJig better at high soil 
temperatures, were severely blighted at 8° to 16°, but were healthy at 28°. 
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The eritieal temperature for the seedlinjJ!: blij^lit of wheat was 12°; that for 
seedliiiir blij^ht of corn was 20° to 24°. Dickson (5, p. 867) concluded that 
‘^the influence of environmental factors on the hosts seems to be the funda¬ 
mental cause of susceptibility to the disease. The seedlings become suscepti¬ 
ble when tlnw are unable to respond favorably to the environment.’’ 

“Critical temperature,” as used by Dickson (5), is taken to mean the 
boundary between two (*onti^uous ranges of soil temperature, one in which 
pathogenesis occurs, and one in wdiich it does not occur. Actually, in an}" 
suseept there are two (*ritical temperatures for a disease, namely, the tem¬ 
peratures at tlie tvN’o extremes of the range for ])athogenesis. For instance, 
the critical temperatures for Armillaria root rot in the California pepper 
tree are thought to be approximately 4° and 26° C., respectively.*''^ The first 
is of minor importance because it probably lies below the minimum tem])era- 
ture for root growth ; the second is important because the pepjier tree is 
known to thrive in soil up to 30°. The disease ma\' have slightly different 
critical temperatures in each of the nine species used in the present experi¬ 
ments, but in the absence of more exact informal ion, the upper critical tem¬ 
perature is tentatively placed at 26° hn ail cases (Fig. 8). 

From these considerations, relative susceptibility of the experimental 
plants should be defined in terms of soil temperature. All the plants were 
presumably immune-above 26° C. Plants of group A w^re comparatively 
more susceptible at 22° tlnui at 10°. Considering only the rate of patho¬ 
genesis in its optimum range in each suseept, the relative susceptibility in 
these plants may be descuvibed as follows: geranium and apricot, very sus¬ 
ceptible; peach, pepper tree, rose, and casuarina, susceptil)le; and Sampson 
tangelo, sweet orange, and sour orange, moderately resistant. 

There is an element of el ance in the time and plac'-e of contact of roots 
and rhizomorphs. Under favorable conditions, the probability that inf(‘ction 
will occur in a gi> en time and space depends in part on the product of the 
respective concentrations of roots and rhizomorphs. 

The longevity' of an infected plant depends not only on its size and r(‘la- 
tive susceptibility, but also on the location of the lesions. A plant will die 
quickly if the main stem is girdled by lesions, but if the lesions are at the 
extremities of the roots, no secondary symptoms of the disease may appear 
for many months. 

In southern California, Armillaria root rot is prevalent throughout the 
orange- and lemon-growing districts, Avhich extend 10 to 55 miles inland 
from the coast. The disease has not been reported, however, from the hot 
desert valleys east of the San Jacinto mountains, wUere dates and grapefruit 
are grown. Studies have been made on the temj)erature of irrigated soils 
at Indio (4), in the desert region, and at Anaheim (3), in the coastal region 
(See fig. 8). At Indio, in 1936, the mean weekly temperatures of soil, at 
1- to 4-foot depths, reached a maximum range of 81° to 88° F. (27.2° to 
31.1° C.), while at Anaheim, in 1941, the maximum range at these depths 
was only 71° to 77° F. (21.7° to 25° C.). Since these data are tyx)ical of 

5 Eliizomoi'phs of Armillaria mellca grow vory slowly in agar at 5° C. 
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tbeir respective stations, soil in the principal root zone (1 to 4 t’eet) at Indio 
is lar<?ely above the upper critical temperature for Armillaria root rot about 
tliree months each year, while tlie soil of corresponding^’ depth at Anaheim 
is usually not heated to this temperature'. It seems ijrobable, therefore, that 
excessive heat in the desert region is an imj)ortant factor in ])reventing’ the 
development of this disease. The failure of certain artificial inoculation 
expe'riments at Riverside may also be attributed to high summer temi)era- 
tnres. Patljogenesis appears to be strongly influenced by seasonal fluctu¬ 
ations in soil temperature. Prom the data presented, pathogenesis in peach, 
casuarina, pe})i)cr tree, geranium, and apricot would be exi)ected to develop 
most rapidly in the coastal region from spring to fall, while that in citrus 
and rose would develop most rapidly from late fall until spring. 

SUMMARY 

Tliis paper reports a series of six soil-temperature experiments with 
Armillaria root rot on nine economic and ornamental s])ecies of plants, in- 
(diiding Koethen and Ilomosassa sweet orange, Standard sour orange, Samp¬ 
son tangelo, Lovell peach. Royal aj)ricot, geranium, California pepper tree. 
Ragged Robin rose, and casuarina. The x^lants, x)ottcd in soil and w^ell 
established, were inoculated with the i^athogen, Armillaria mellea (Vahl) 
Quel., and grown 181 to 438 days, in the greenhouse, in five soil-temperature 
1 aides. The watt'i* baths in these tanks Avere held at diflerent, controlled tem- 
])eratures ranging from approximately 7' to 38*^ C. Air temi^eratures in the 
greeidiouse ranged mostly between 21^^ and 27^. 

liatlier Avide differ-ences were observed in the responses of noninoculated 
])lants to soil temperature. Optimum temiieratures for root growth in 
peac^h, ('asuarina, pepiier tree, geranium, and apricot (group A) Avere lO"^ 
to 17^' C., inclusive, Avhile those for citrus and rose (group B) Avere 17° to 
31°, inclusive. 

In citrus, top groAvth Avas greatly retarded at soil temperatures of 10° to 
12° C., the ncAV leaves being small and very chlorotic; largest top groAvth 
occurred at 27° to 31°. The minimum temperature J’or root groAvth aaus 
12°; the maximum, slightly beloAv 38°. 

All plants of peach, apricot, and geranium died at a soil temperature 
of 38° C. Top groAvth of ])eaches and apricots Avas greatest at a soil tem¬ 
perature of 31° and least at 10°; that of geraniums Avas greatest at 17° and 
least at 31°. Top groAvth of pepper trees Avas retarded at 10° but Avas vigor¬ 
ous and oi’ nearly eciual magnitude at 15° to 30°. The groAvtli rate of roses 
increased from 8° to 28°. Top groAvth of casuarina Avas greatly retarded at 
7° and most rapid at 27°. 

The rhizomorphs of Armillaria mclha grew most rapidly in sterile, deep 
nutrient agar at 19.7° and 24° C. Rhizomorphs of normal appearance but 
retarded in growth rate deA"elo 2 )ed at 10 , 14.6 , and 2/.4 . \eiy little 
growth oecvirred at 31°, and none at 36°. Slight growth has also been found 
at 5°. The pathogen remained Auable in inoeuliim at controlled tempera- 
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tures from 7^ to 28*^, inclusive, during 181 to 438 days. After these long 
periods, greatest development of rhizomorphs in nonsterile potting soil was 
e\'ident at the lowest experimental temperatures. The apparent inconsis¬ 
tency of the effect of temperature on the development of rhizomorphs in agar 
and in soil is not explained. 

Pathogenesis in test plants was observed at soil temperatures ranging 
from 7° to 25° C., inclusive. The maximum temperature was between 25° 
and 27° ; the minimum, sornewdiat below 7°. The optimum range for patho¬ 
genesis in plants of group A was 15° to 25°, while that for plants of group B 
was 10° to 18°. Greatest resistance was shown by all plants at temperatures 
most favorable to root growth. 

There are two critical temperatures for Armillaria root rot in any sus- 
cept: one at each extremity of the range for pathogenesis. The lower tem¬ 
perature is of minor importance, usually lying below the minimum for root 
growth, but the upper one is important, because many suscepts thrive at 
higher temperatures, at which the^" are free from attack. The dis(*ase may 
have slightly different critical temperatures in each of the niiu* s|)eci(‘s of 
plants here tested, but in the absencefof more exact in{*ormation, tlu* upper 
critical temperature is tentatively placed at 26° C. in all cases. 

In southern California the prevahmee of Armillaria root rot througliout 
the coastal region, and its supposed absence in the inland desert areas, are 
apparently related to differences in soil temperature. Soil at Indio (desert 
region), at 1- to 4-foot dej)ths, is largely al)ove 26° C. for about three months 
every year; soil of corresponding depths at Anaheim (coastal region) siddom 
reaches this teniperatui’e. In the coastal region, ]>at]iogenesis in peach, 
casuarina, pepper tree, gerajiium, and aju-icot would l)e exjx'cted to develop 
most rapidly from spring to f-dl, while that in citrus and rose would dovelo]) 
most rapidly from late fall until spring. 

University OF ( alifornia Citiu s Expekimknt Station. 

Kiverside, Caljforn!A. 
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PHYTOPATHOLOGJCAL NOTES 


Bud Blight of Boy been} Caused by the robacco Ring-Spot Vinis.^~A dis¬ 
ease oi soybean caused by tlie tobacco riiijLif-spot virus has been responsible 
for substantial losses in yield in the inidwestern producing; areas in recent 
years. It is not definitely known how long’ significant damage has been 
oeciirring but the losses in 1043 and 1044 exceeded all previous records and 
ranks this disease among the most destructive of the soybean. 

Pierce*' noted the desti'uctive nature of this virus on soybean and certain 
other legumes, but did not observi* its occurrence in nature. Ramson^ re- 
jiorted finding the disease in experimental plantings of vegetable soybeans 
in Indiana in 1041. Mellius^ observed it in Iowa in 1042, and later Johnson^ 
reported tlie disease on soybean in Ohio. It is likely that at that time, it 
was distributed extensively throughout the midwest in small amounts but 
had escap(Hl detection. 

In view of the increasing importance of this disease and the variety of 
symptoms which have come to be associated with it, it seemed desirable to 
[•(‘port at this time the information which is available. This paper is con¬ 
cerned primarily with the identification and description. Control measures 
have not been found. Studies are underway at the U. R. Kegional Soybean 
Laboratory to find means (d' combating this menacing disease. 

Sy})ii)toms. The effe(‘t of the tobacco ring-s])ot virus on the soybean 
plant depends to a large extent upon tlie age of the plants at the time of 
infe(*tion. Like many virus diseases, the greatest effect on the host is in the 
yiuuig growing tissues. 

Natural infection in tin? field is rarely observed before the yilants are 
7 to 8 weeks old. In Illinois, therefore, tiie disease appears in late July or 
early August. At this time, the sym|)toms consist of a characteristic curving 
of the terminal bud ap|)ai*ently due to unilateral elongation, as shown in 
figure 1, A. The \ <)ung expanding leaves have a bronzed appearance and 
sometimes a few leaves drop from the plant. The pubescence on the young 
stem tip becoim*s more iirominent than usual and may darken somewhat. 
Eventually the growing ])oint becomes necrotic and assumes a brittleness 
which t*auses this ])ortion to break off easily when touched. When the bud 
svmjitoms fir.st ap|)ear, a carelul search may disclose areas of reddish brown 
discoloration in tlie pith of the stems or branches, appearing first in the 


I A jujhlicntion by tlic V. S. Kogioiinl Soybenn LMljoratory, a. cooperative organization 
partivipatod in bv the liureaii of Plant Iniiiistry, Soils, and Agricultural Engineering, 
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vicinity of the nodes. Plants becoming infected at this stage seldom pro¬ 
duce seed. However, they rejiiain green, fail to ripen normally, and persist 
in the field until frost. The pith discoloration gradually increases until late 
in the season when the pith in the entire stem and branches may be discolored. 
Necrotic areas may extend to the exterior of the stem in some cases, particu¬ 
larly at the nodes. Streaking of the petioles and large leaf veins occasionally 
has been observed. 

Symptoms resulting from infection near blossoming time when most of 
the terminal elongation has ceased present a somewhat different picture. 
The expanding tissues in the flowers and young j)ods are the main points 



Pig. 1. A. fSoyljean plant infected with hud hiij^lit sliewinjL? the characteristic curv- 
ing (.f the terminal bud. B. Pod symptoms ’eaultinj? from iiifectiou near blossoming 
time, Note distorted and sbnmki'ii pods. (P)iotograpli B was furnished by courtesy of 
Br. B. Koehler of the IHinois A^rricultuial Experiimmt Station.) 

aflpcted. This type of infection eanses the greatest losses commercially since 
it is usually very extensive in the affected fields and causes considerable 
reduction in the amount of seed produced. A high percentage of the yonng 
pod clusters may wither and fall off within 10 days after infection. The 
most common symptom, however, is the dark blotching effect on the pods as 
illustrated in figure 1, B. Many of the pods tliat do not fall are shriveled 
and produce defeet ive seed or none at all. 

Soybeans that do not ripen normally often produce seed of very poor 
quality. Samples of seed from healthy and bud-blight infected jilants are 
shown in figure 2. The physiologic conditions bringing about this poor seed 
quality may be brought on by other factors, as well as infection by this virus. 
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This condition, therefore, shonJd not be invariably associated with the bud- 
blight disease. 

Id(miificati()n of the Vints. Hymptoins produced on tobacco by this 
virus are characteristic of tobacco ring spot. Tobacco plants which have 
“recovered’^ from the initial stages of the disease and are symptomless do 
not again show symptoms when reinoculated with the soybean strains or 
^strains from tobacfco definitely known to be tobacco ring-spot virus. The 
converse is also true, that is, tobacco plants which have ‘ ‘recovered'^ from 
symptoms in(lu(‘ed by known tobacco ring-spot virus, produce no further 



Fi(i. ‘J. Xormnl seed of Buus<*i soyl>c:ni.s, and damaged seed (right) from 

artifieiallf inftM-ted liansei soybeans giwn in adjacent rows in tiie held. 

syinptoins wlien iiioeiilatc*! with strains from soybean. Healthy plants of 
I'he same a-e become severely diseased upon it oeulation. The soybean and 
tobacco strains wero compared on t-arden bean {Phaseohts vnlgam L., ^'ar. 
Ited Kidnev'). Tn both eases the plants were severely stunted and eventiially 
sneenmbe<l to a progressive nerrosis that usually started from the point ot 
inocilatioM. Usually local necrotic lesions were produced upon the luomi- 
lated leaves. Sviuidoms on encumber (Cvctmis salmis L.) were mdistin- 
frni.sbable with strains from soybean and tobacco. In both eases severe stniit- 

inc: and mottling’continued indefinitel^. _ 

The tberniar inactivation point corresponds exactly to that recognizee 
for the tobacco ring-spot virus wliicli is around 6o t. or nimu s. 
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all the inactivation tests virus from so>'beaii avul known tobacco rin^-spot 
A’irns were treated simultaneously. 

The oc(*urrenee of the tobficco ring-spot virus on soybean in 
the Midwest jnay help investigators to <letennine its mode of transmission. 
The agency accounting for its rapid spread through soybean fields is very 
likely one of the insei'ts eoniiiionly associated with tiiis crop. Typically the 
most damaging phase of the disease, i,e,, the pod spotting and blighting, 
occurs around the margins of the fields first and can be observed to progress 
inward as the season i)rogresses. An intensive search is being made at the 
present time at this laboratory in an attemj)t to find an insect vector. 

Summary, The symptoms produced on soybean b>' tlie tobacco T*ing-spot 
virus are described and illustrated. The identification of tlie virus by others 
was verified by thermal inactivation tests, “])lant immunity^- tests, and 
symptomology. The possibility of the occurrence of an insect vector is dis¬ 
cussed.— William B. Allington, Associate Patliologist, U. 8. llegional Soy¬ 
bean Laboratory, Urbana, Illinois. 

Two Aids for the Study of Potato-Liit( -BU()ht Kpid( uiiolo<jy}~-An accu¬ 
rate measure of viable inocidum and an evaluation of environmental con¬ 
ditions that influen(*e infecdion and the develojniient ot* disease are essential 
to the study of plant disease epidemics. 

The presence in the air of sporangia of Phytf/phthorft luffstans can be 
determined fairly readily l)y exposing vaselined microscope slid(‘s wiiicli arc 
subsequently examined with a microscope. Stem-rust inoculum has been 
measured successfully in this way, but the method lias some disadvantage's 
wlien used for late blight. First, the sporangia of late lilight cannot readily 
be distinguished from tliose of several othci* downy mildi'ws. Second, t]ie\* 
are killed by short exposures to dry air. and, although the number of spo¬ 
rangia (in the absence of similar species) could be determined with a fair 
degree of accuracy witli slides, assuming that slide exposures are an accurate 
criterion of the number falling on jilants, the number cajiable of infection 
cannot be accurately mcasurefl. 

In 1943 the writer exjmsed potte<l potato plants in several fields near 
St. Paul and Minneapolis, Minnesota. These jilants had been raist'd in a 
greenhouse where fairly high temperatures as well as some protection from 
the outside air reduced the fiossibilitN^ of accidental infection. Cheidv jilants 
indicated that the possibility of a<*i*idental infection was zero. Thesi' jdants 
were exposed in various locations, either overnight or for 4-hour periods 
during the day. At the end of the exposure ])eriod the\’ were |)laced in i)or- 
table moist chambers in an automobile and brouglit to the laboratory when* 
they were incubated at about 7()^F. and 100 per cent rt'lative liumidity. 
Control plants, directly from the greenliouse, were iiuMibated h\ the same 
time and under the same conditions. None of the control plants became 
infected. 

1 Paper No. 2268, Journal Herics, Minnesota Agricultural KxiMTiinrnt Station. 
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Late-bli^ht lesions usually be^aii to aj)peai* witliin 3 or 4 days after the 
plants were exposed. The lesions were eonnted, and their niiinbers, toftether 
with the numbers of sporangia foiind on slides exposed at tlie same time, 
were used to deter-niine tlie “blij.dit infection potential.’’ 

na.vinj»* available an estimate of the viable inoculnin at a ^iven location, 
predictions re^ardiii|r infection will de})end upon an accnir-ate knowledge of 
environmental eonditious affectin^i' germination and infection. Numerous 
attempts,"'have been made to correlate weather data with late blijrht epi- 
(hmiics, and some worlters’’ ' have found that mean teini)erature and precipi- 
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tat ion data are insutbrieut for the piirpose. Total i)recipitation, it it comes 
as 'juick, heav\’ shoANvrs, may still l>e uulavorable lor late blijilit it the intei- 
V(‘iiiii<r ))ci-i()(ls arc dry. Proluiifred ixM-iods of liiydi luimidity. however, may 
prox ide very favorahle i-onditioiis ft.r the .lisease even thoujih the total pre- 
cipitati(ui be low. 

It is su^^(‘sted that ordinary weather observations may not be satislac- 
2 Lutnifoi, n. F. 'rwoiitv vp.-irs* s]>r:JYiu^^ for potato disensos. Pototo diseases and 

"'"’'‘.''MartTa: bliSn'of'J^ tl.o we.ithor. .1. Agr. Ex,,. Stat. 

Onit.T.'O. Disease a.al .-liumt.. as ,M-Haining to the Florida .and Maine potato 

of POt--'t<.os. (Ab.str.) Phytopatl.. 6: 
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toiy for this purpose beeause sueli ineasiireineiits are usually not made in 
the environment where infeetion oeeurs, i.c., amoiijr tlie leaves of the potato 
plant. The observation that bli^lit is often most severe in low spots in a 
field is evidence of the importance of temperature and humidity in limited 
environments rather than several feet from the jrroiind and in oi)en spaces 
where weather stations are usually located. 

To compare the meteoroloj^ical conditions in tin* atmosphere with those 
among the foliage of the plants (referred to as the “foliarsphere’'), tem¬ 
perature and humidity were measured among the leaves of i)otato plants in 
tfie field and also at a point 5 feet above the t)lants. The relative humidity 
was measured by means of dew-point api>aratus. The data (Fig. 1) sliow 
that although temperatures in the two locations differed but slightly, the 
differences in relative humidity were often very great. The differences were 
striking on July 8, 12, and 14. 

There was 0.8 inch of rain on July 2 and again on July 12. Late blight 
was found in the field on July 7 and increased from then until July 19. 
Standard meteorological observations during this ])eriod indicate that the 
Aveather was unfavorable for blight <lev(dopment. On the otfier hand, tlie 
liigher relative humidities in the foliarspliere indicate that among the huives 
of the plant, moisture conditions favorable for fnietification of the fungus 
and germination of inoculum i)robably obtaiiied for sufficient i)eriods for 
these x^rocesses to occur. 

The data ])resented are x)i‘eliminary in natui'c, and are not sufficient t(^ 
show conditions at all hours of the day. Nevertheless they do illustrate tlie 
importance ot the mici*ocIimate as a factor in tlie epidemiology of late blight 
and that potted XK)tato {ilants expos<‘d in fields when late blight inoculum is 
present may he used as indicators of the “blight infection })Otential.^'—AV. 1). 
Thomas, Jr., Tuiivej-.sity Farm, Saint Paul, Minnesota. 

A New Bean Mosaic in Idalto.' -~\n tlie summer of 1948 mosaii- was rt‘- 
ported by the field iiisxieetors of the Idaho Crop lm|)rovemeiit Association 
ill a field of Great Northern TT.l. 15 beans gnnvn near Ihild, Idaho. As this 
variety is resistant to common liean mosaic the records were eai'efully 
diecked and it became evident that a ncAV type of mosaic was present in this 
field, liioculatioii exx>eriments in the greenhouse have fully established this 
fact. 

Some of the Great Northern U.I. 15 seed used to x)laiit the field mentioned 
Avas secured and planted in the greenhouse. Twenty-five plants Avere groAvn 
from this seed and 2 developed mottling and curling of the leav(\s somcAvliat 
characteristic of common mosaic. The symptoms were not so severe as those 
Avhich developed in Red Kidney plants groAvn from seed knoAvn to be infected 
with common mosaic. One rather marked cliaracteristic of the new mosaic 
seems to be a tendency for the tip of the leaflets to curl doAvnward. This 
tendency is more marked than in common mosaic. Otherwise the symptoms 

T Publislied with the approval of tlie Director as lie.searcli Pa])er No. 245 of the Idalio 
Agricultural Exporjment Station. 
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of the 2 mosaics are similar and it is impossible to distinguish between tliem 
on the basis of symptoms alone. Seed was secured by E. C. Blodgett, of the 
Federal Emergencjy Plant Disease Prevention, from the field of beans grown 
near Buhl, Idaho, where the disease was first noted. This seed was planted 
in the greenhouse and of 37 plants only 7 developed mosaic symptoms. Since 
Dr. IBodgett reported 85 per cent infection in the field, this is a surprisingly 
small amount of seed transmission. 

Seed was (;ollected from Great Northern U.I. 15 i)lants grown in the 
greenhouse and infecded with the new bean virus Mhen in the seedling stage. 
These plants all exhibited mosaic symptoms. This seed was planted in the 
field and a record taken of diseased i)lants which were produced. Of 113 
plants grown fi*om this se(‘d, 68 develoi)ed marhed symptoms of the disease 
and 45 w’cre apparently healthy. 

Mosai(‘-free seed of a number of bean varieties was planted in the green¬ 
house and the ])lants were inoculated with the virus from Great Northern 
IT.I. 15 jdants infected with the new mosaic. A modification of the method 
described by Pierce'"’ was used. Diseased tissue was ground in a small food 
(*hoj)})er, the ])lant juice was extracted and applied with cheesecloth to the 
jU’imary leavers of the seedlings before tlie trifoliate leaves had developed. 
Cai'borundum i)owder was dusted lightly over the leaves before they were 
rubbed with the (*li(»esecloth saturated with the plant juice. The plants were 
grown under artifi('ial light in order to induce tlie mosaic symptoms. Hed 
Kidney ])lants wtn-e inoculated with common bean-mosaic virus at the same 
time to cheek tin* method of inoculation. Every plant inoculated with the 
common mosaic virus develo{)ed mosaic symjdoms. Ten plants of Great 
Nortliern l‘.i. 15 wert* inoculated Avith common bean-mosaic vii*us and no 
symptoins a]Vf»eared on any. Noninocnlated clu'cks were grown under simi¬ 
lar conditions. 

As a result of these experiments in the Ihiiversity of Idaho greenhouses 
at Moscow and in the greenhouses at the field station at Twin Fails, Idaho, 
it has shown that 2 strains of tlie ctimmon mosaic virus are present in 
Idaho. The University of Idaho Great Northern selections Num. 1, 5G, 59, 81 
and 123 are all resistant to the ncAv sti-ain of the virus as well as to the com¬ 
mon mosaic virus ]n-eviously used in testing these sehHdions for resistance. 
Great Northern U.I. 15, lied Mexican IM. 3, and Red Mexican U.I. 34 which 
were obtained by crossing the Great Northern ' ariety with the Bed Mexican 
variety are susceptible to the new strain but resistant to the common mosaic 
virus. St‘veral pinto-type segregants from crosses between the Red Mexican 
selections resistant to common mosaii* ami the common Pinto beans all i)roved 
to be susceptible to the new viims strain although resistant to the common 
mosaic virus. The Mi(die1ite, Robust, Red Kidney, Bountiful, and Burtnei 
are all susceptilile to the new strain of bean virus, while Idaho Refugee and 
U.S. No. 5 are resistant. 

W 11 Ttir identification of certain viruses affecting leguminous ifiants. 
Jour. Agr. Rr>s. 'lU-S.] 51: 1017-10.19. 192:>. 
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Burkholder'^ and .Richards and Burkholder,reported a new virus disease 
of beans in New York and state that Norida, Red Mexican U.I. 3 and Great 
Northern TT.I. .15 are all siis(*eptible to it. Tln\v also reported Great Northern 
U.I. 1 and (ireat Northern U.I. 59 as beinji’ immune. 

ScA’eral lots of bean seed of varieties used by Richards and Burkholder 
Avere secured from B. Loriii Rieliards and their reactions to the ncAv virus 
found in Idaho were compared Avitli reactions to the one reported in Ncav 
Y ork. The results indicate that the 2 viruses are identical so far as host 
reaction of the varieties tested is concerned. 

Durin^^ the field ins])ections of bean fields in southern Idaho by the 
officials of the Idaho Crop Im]vrovement Association in 1944 and airain in 
1945, tlie iiCAV strain of ])ean mosaic virus Avas found only in one locality on 
Great Northern U.I. 15. None of the fields had more than one per cent of the 
disease and as no tolei'ance for mosaic is allowed, and a f»‘ood supj)ly of certi¬ 
fied seed is available, it is hoped that the disease may be kept under (‘ojitrol 
until a resistant substitute can be dev(*loped. 

Due to the fact that the Great Xoi-tht‘rn selections are all resistant and 
many hybrids have been developed iu^ the bean-improvement })ro»rram, it is 
lioped that from these we may be able to secure satisfactory se^rc'^ants As hich 
Avill combine resistance to the curly-toj) and the mnv mosaic viruses.^ -Lesltk 
L. Dean, I’laiit Patlioloj»ist of the Idalu) Lc‘afhopper Fund Administration, 
and (A W, Henoeueoiu), Idaho Aiiric'ultural Ex])ci‘iiii(‘nt Station, Moscow, 
Idaho. 

3 Burkholder, 'Walter If. New virus m;iv tlire.-iteii K(»l>usl ecu-lx'Mii in New York. 
Farm Ke.search 10: 12, Id. 1IM4. 

4 Eielmrds, B. Lorin, and Waller 11. Burkholder. A new rnosuii' dis(*:ise of Ik'miis. 
Phytoputh, 33: 1215-1210. im:?. 



ALBERT EDWARD EDGECOMBE 
1897-1945 

L K W 1 S H A N ]•' o R D T 1 F F A N Y 

The sudden death on March 80, 1945, of Professor Albert Edward Ed-e- 
conibe at the age of forty-eight cut short tJie life of a man wliose devotion 
to study and researeli liad reached the stage where his accumulated knowl¬ 
edge and techniques would have resulted in maximal productiveness. He 
was an Englishman by bii*th, spent over half of his life in Canada, and 
became an American citizen in 198;). He was an associate professor of 
botany at Northwestern University at tlie time of liis death. His researeli 
av'ti\'ities W(‘re largely in tlie field of mycology. 

Edg(a‘()mbe was boT*n in Devorisliire, England, on Eebniary 5, 1897, and 
succumbed to a cerebj'al heniorrliage at AVilmette, Illinois, on March 80, 
194o. He taught for eight years in the higli schools of Canada and served 
for a time as a field agent of the Presbyterian Church in both Alberta ajid 
liritish (’olumbia. He entered Queen’s UniA^ersity, Ontario, in 1921 ami 
olitaincd the A.]>. degree Avith honors in botany in 1928. In 1925 h(‘ was 
gi‘ant('d tin* ALA. (hgi'ce from Queen’s with a thesis on the rise of sap in 
woody ])lants. He was at)l>ointed to a. graduate fellowshij) in botany at tlie 
Uuivei’sity of Chicago in llt2() and received the Ph.D. from that institution 
in. 192!b For his do(*toral dissertation, prepared under the direidion of Pro¬ 
fessor Ocorge Iv. K. Link, he investigated immunological relationshijis of 
('Ci'lain wh(‘ats n^sistant and susceptible to rusts. He received the LL.B. 
ami 8.1). degr<‘es from the Cliicago laiw kScIiooI in 1984. 

Dr. Edgecombe served as an assistant }).rofessor of botany at Northwest¬ 
ern riii\ (M-sity from 1!)29 to 1989, and as associate professor from 1989 until 
his d(‘ath. He taught, at various times, general botany, plant g(*netics, 
mycology, i)lant pathology, and bacteruilogy. His spe(MaI irderesls lav, 
how<*\ei*, in mycology and plant |)athology. and recently lie had made con- 
siderabh* study of t-ertain dermatophytic fungi. He had worked on the 
m\('t*to/oan flora of tin* Chic-ago Pegion tor many years. His repeated 
attmipits to cultiirt* certain of the obligate rusts on artificial media, gave 
uniformly negative results. Post-doctoral studies in plant pathology, my¬ 
cology, immunology, and nuMlicine wert‘ made at Cornell Uni\'ersit\, Ljui- 
versity of Alichigaii. Pimnsylvania State College, tlie Cradwold Laborat(n-ies 
at St. Louis, and the Presbyterian Hospital of Columbia University. 

Prof(‘ssor Edgecomla' bei'ame a fellow of the American Association lor 
the AdvaiKieimmt of Scitmee in 1981 and was a charter member of the Alyco- 
logical So(d(‘tv of America, In addition, he held membershi]) in the Ameri¬ 
can Phyt(»pathological Society, Botanical Society of America, American 
Association of University Professors, Illinois Academy ot Scuence, Sigma Xi, 
and Phi Alplia ])(‘lta. He married Sai-a Roberta Alohu of Pottstown, Penn¬ 
ed < 

[ o I. r M K :! (), N r M n kh d , At a v, 11^4(*> | 
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ALBEK'r EDWAKD ElXJKl’OMBE 
1897-194.‘i 


sylvailia, on November 23, 1939. Ilis AvidoAv and two ehildreii, Plyyllis and 
David, tojicther witli one brother living- in Canada, snrvive him. 

Edgecombe was retiring, sliy, and modest to the |)()int ol’ seir-eiraecnneiit. 
His qualities ol friendliness, generosity, ami atleetion were reserved for Ids 
family and his intimate friends. He loved ihe (iiiiet oi* his home and the 
seclusion of his laboratory. He was an indtd'atigable workei', his ijiterests 
ranged from poetry to medicine, and he died as he liad wanted to live: 
quietly and with a minimum of disturbance to his fellow man. 

Dr. Edgecombe was tlie author of the following publications: 

Further agglutinathui tests with phytopathogeni<* haeteria (with G. K. K. Link and ,1. 
Gobkin). Bot. Gaz. 87: 5;U-r>47. 1929. 

Immuitological relationships of wlieats resistant and susceptible to Puceinia nibigo vera 
triticina. Bot. Gaz. 91: 1-21. 19ltl. 

A comx)arative study of eertairi fungi. Trans. 111. State Acad. Sci. 30: 108-110. 1937. 

Differential distributioii of ash along the axis of herbaceous plants. Trans Til State 
Acad. Sci. 32: 79. 1939. 

Differential distribution of ash in steins of lierbaceous plants from base to tip Anuvr 
Jour. Bot. 26: 324-328. 1939. ^' 

The growth rate of several wood inhabiting fungi. IMiytopath. 31: 825-831. 1941, 
Trichophyton purpureuin (Bang) and Trichophyton 'gypseuni (Bodin). Archives of 
Derm«atol. and Syidiilol. 46: 651-660. 1942. 





CERTAIN ASPECTS OE THE EPIPHYTOLOGY AND CONTROL OF 
TOMATO FRUIT ROT ('AUSED BY PHYTOPHTHORA 
CAI‘SKT LEONIAN* 


W . A . Kit K i: T Z E R AND L . R . B R Y A N T 2 
(Apccptud for [mblicatioii Deceiubcr 17, 1945) 


IXTKODl'CTIOX 


Sinc(" serious si)ora<liu Josses iu eertaiii truel\ crops in Colorado have 
be(Ui caused by PhyiopJithora cnpsun Leoiiian. This organism has been re¬ 
sponsible lor field losses in the State in peppers {Capsicum anmium L.) and 
e^’^plants {Solanam mdofujcna L. var. cscalentum Nees) (1), cucumber 
Iruits {Cacamts safrras L.) (4), houeydeiv melon {:Cactimis mclo L. var. 
uiodoiKs Naud.) and cantaloupe fruits (Cucamis mclo L. var. rcticidafas 
Xaud.) (18), scpiash [Cucarhda masima T>v\c.), watermelon vines (CitrullKs 
vahjams Schrad.) (5), watermelon fruits (19), and tomato fruits {Lyco- 
pcrsicam cscalcniam Mill.) (5). In addition, within the past two years 
the senior widtei* lias isolated the organism from decaying*' fruits of banana 
s(piash {Cucarhda nuisima Due.) in northern Colorado fields. 

Elsewhere in the I'nited States, Phyfophthora capsicl has occurred in 
(‘pilihytotic form in tlie field on pepper plants in New Mexico (9) and 
Florida (17), and in California on Inmeydew melon fruits (13). Fruit rot 
of tomatoes caused by both P. capsicl and P. drcchslcri was I’eporled by 
Tom])kins and Tucker (14) as oeeurrinjr in California in 1937, 1938, and 
1939. In this saiin* pulilication a eomi>lete literature review on fruit rot 
of toniatot*s and its causal aji'ents is ^iven. In addition, a root rot of pepper 
and })uiM})kin (Cararhita p(p(f ],.) caused by P. capsicl lias been described 
as oecui’rin^^ in the same State (15). 

Fruit rot of tomatoes caused l>y Pluffophlhora capsid occurred in epi- 
])}iytoti(' pro[)ortions in tlie Arkansas Kiv(*r Valley of Coloratlo in 1938 (5). 
In 1940 fruit rot of tomatoes occurred in northceidral Colorado in the 
Briiihton area. Losses in each of the 193h and 1940 epiphytotics in Colorado 


Avere estimated by canninjj companies to be ajijiroximately 50 ])er cent in 
those areas. In 1945. another outbreak of the divsease in the Arkansas EiA’er 
\’alley oiMuirred. Losses were estimated at from 10 to 25 per cent. 


F>e(*ause of the hi^h losses in tln*se areas, a study AA’as bejiun in 1942 to 
detei-miiK^ (a) the ]>rin('ipal factors influencing* the production of sporan^ria 
and swarmspoi-(‘s by the jiathojicn, (b) the effects of temperature and dura¬ 
tion of exposure iin infection of fruits by sAvarmspores, (c) the role ol cul¬ 
tural ]rractic(*s oi* chemical tri‘atmejits in the control of fruit rot in the field, 
and (d) the possibility of resistaiu'c in any commercial varieties, selections, 
hybrids, or types of tomatoes available. 


• PaiKM- No. 199, Sciciitilir .lounuil Series. Colormlo A-rienlturnl l^perimeiit Stinieii. 
-’The Avriters Avish to e.xi.ress their appreei:iti(m to Mr Geor^o* H. Lime, l)r. A. 0. 
SiMionds, Mr. W. C. Hatfield, ami Dr. L. W. Durrell, tor assisOuiee dnriiis eertaiii pha.si^ 
of this study. They also wish to aekiiowledjje the assistance ot oD.er memlu^rs of the staff 
of the Colorado Agrieultural Experiment Station in the course ot the aaoiR. 
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EXPERIMENTAL RESULTS 

Sporulatioii and Infcciion hy Fhytopktkora capsid 

From both ()l)S(M-vations and experimental Avork, it is indicated that 
epiphytotics o1‘ tomato Truit rot caused by Phy tophi kora capsid depend j)ri- 
marily on si)oran»^ium and swarmspore J'ormation (7). Accordingly, berore 
control measures could be developed and evaluated it seemed necessary to 
d(‘termine tlie conditions under Avliich the causal organism Avould jirodiice 
sporangia and swarmspores, and the factors influencing fruit infection by 
swarmspores. 

In this study two isolates Avere used. Culture 5C Avas obtained from 
rotting tomato fruits in northc(‘utral Colorado, and culture 6C Avas obtain(*d 
from fruits groAving in soutlieastern Colorado. These isolates were morpho¬ 
logically similar to other previously identified cultures obtained in the State 
(5, 6 ). All isolates of the organism have l>een virulently pathogenic to non- 
Avonnded |)ep])er plants {Capsiciini antiainn L.). With the (‘xception tliat 
local isolates either form no sexual fruiting bodies or produce them only 
after 6 to 8 months in culture, they eoid'orm Avith the a(l(*(|uate descri|>tions 
of Phyiophthora capsici (9, 13, 15, 16,'19). 

Formation of tSporangia and Swannspon s. .In j»revioiis studies l)y the 

writers (7), local isolates readily produced aluindant sporangia wlien mm- 
steamed field soil Avas used as a medium for th(‘ir development. Tlu^ o])ti- 
mum temperature range for the groAvth of certain isolates of Plryfophihora 
capsid lias been given by Godoy (3) as 24'-’ to 26" C. Tompkins and TiU'ker 
(13) found the optimum giOAvth range for om* Isolate to be 25^ to 30 ’ (/. 
Wiant and Tucker (19) reported the ojitimum tempe^’ature range for growth 
of another isolate to be 26.7° to 29.4° C. Ki-cutzer d aL (6) found that the 
optimum tem[)ei*ature for S|)orangium pi*odu(dion of certain isolates of I\ 
capsici obtained from Avilted pepper ])lants and rott('il (‘Vicumber fruits A\as 
near 30° C. 

To determine the opiinium temperature for sjiorangium production using 
nonstearned fi(dd soil as a medium, giant cultures on barley Avere ground and 
mixed Avith approximately five times as much nonsteamed fndd soil by 
Amiume. The soil Avas treated as in previous stmlies (7) (*xcept that tln‘ 
moistened soil-inoculum mixture Avas jdaced in clay pots and iiK'uliated at 
10°, 15 ', 20°, 25", 30°, and 35° C. at 100 juu* (-ent relative humidity for 
from 48 to 64 houi’s. The determination of the jiresimce and ridative <pian- 
tity of sporangia an us made* using a previously deserib(*d techni(pie (7), plac¬ 
ing one cubic imdi of the soil mixture in a 40()-nd. beaker containing apjiroxi- 
mateh" 30 ml. of tap Avatei*, alloAving this mixture to stand at 25° C. for from 
2 to 4 hours, and then examining drops for the presence and relatiAc nuni- 
liers of sAvarmspores at hourly intervals within that period. 

Sfiorangia were produc'cd onl}^ at temperaturi^s ranging from 20° to 30° 
C. iiudusive, the greatest (juantity being produced at 25° (A No sporangia 
were produced at 10°, 15°, or 35° C. In other similar trials results were 
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essentially the same. Another important point was broimht out in .siibse- 
(pient tests; nhile sporangia were produced at 20° C., none were formed at a 
eontrolled teniperature of 18*^ C. 

The 2- to 4-bour period used to determine the i-elative numbers of swarm- 
siioivs produced was the result of trials which, in general, showed that at 



Fit;. 1 . Fniit rot ot’ toiii.ifoos onusod l»y rUytophihora capsid. A. used 

to tost iiif(‘otivity <»f V. capsi<‘i nudor v.-irviiitr coudit'ons. Tiowor : tlrops ooiitniii- 

.s\v;irms])oros toi iniiiijurod fruit surfuoo. The other thre<‘ fruits show jirojjressiAe 
stujjos ill iufeolitoi nX itoloy, (> day, and 14-day iutervahs at room temperatures. 11. Two 
type.s of fruit-rot sym])t(>ms. <\ The yield of a siii^rle plant sliovving lo.ss caused by the 
tlisease. I.eft, fruits ivhicli wtue in contact with the .soil. Fi^dit, fruits wliicli were not 
in contact with the soil. 


25° C. only a few swiii-ins|)()iv.s ^vert* releasetl in 90 uiiuiites, tvliile after 150 
ininutos s\varin.s|)or<‘s wiM’o tibnndant. Jn most eases swannspore ]>rodvn:diuii 
was ap])aront in fridu 00 to 00 minutes and reacliod its peak in from 2 to ] 
hours. 

Su'OTnispori (r (I’liunaf ion and Infi-ciutu. — Tho rolo of tomporatnre and 
tiino ill the jierinination ol and intoction by swtirmsporos t\as dotorininod. 
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In one study the effect of time exposure on infection at varying* tempera¬ 
tures was investigated. Green fruits*’ of the Laiidreth variety were inocu¬ 
lated by placing* two to thi*ee drops of inoculum I'Oiitaining* numerous active 
swarmspores on the stylar ends (Fig*. 1, A). They were then incubated at 
20"^, 25®, and 30® C. at 100 per cent relative Jiumidity for 40, 60, 80, 100, 
120, 140, 160, and 180 minutes. Ten inoculated fruits were used for each 
time exposure at each given temperature. At the end of each time interval, 
fruits were removed from the incubators and the drops of inoculmn were 
removed by gentle blotting Avith clean cheesecloths. These fruits were then 
placed on laboratory tables at room temperatures. Fruits were* examined at 
12-hour intervals foi* 6 days. At the end of this period final readings Avere 
made. In figure 1, A are typical reactions to inoculation by use of this 
technique. The results of tliis study, Avith isolates 5C and 6C, are in table 1. 

TABTjH 1.— Effect of iimr of exposure at vari/inp trniperatures on infrclion of 
tomato fruit (rarietif Landreth) hy Thytophlhora capsid 


Exposure 

F>ei 

•eentage of iiioeiilated areas infected 

at 

(minutes) 

20“ C 

^ 25^ a 

30 - ( 

40 

0.0 

O.o 

0.0 

tiU 

0.0 

10.0 

15.0 

80 

10.0 

35.0 

45.0 

too 

■ 40.0 

85.0 

65.0 

320 

70.0 

85.0 

85.0 

140 

75.0 

90.0 

80.0 

160 

60.0 

60.0 

90.0 

180 

9r>.o 

100.0 

100.0 


The earliest infection observed occurred after ex|>osure for 60 minut(‘s 
at 25® and 30® C. No infection Avas noted at 20 C. until exposure Avas 
increased to 80 minutes. Infection at 20® C. Avas consistently less than at 
25® C. and 30® C. ext-ept after the longer ex|)osui*(‘s. Temperatures of 
25® C. and 30® C. were equally effectiAX^ at all exposure i)eriods tested. 

In a number of paralhd t<‘sts the 7*esults Avere similar to those given in 
table 1. In no instance Avas iufe('tion observed after ex})Osvu’e of less tlian 
60 minutes at any temperature and in no (‘ase Avas iniection observed at 
less than 80 minutes exposure at 20® C. 

In other studies, exposures of fruit to swarinspore inoculum at 10' C. 
brought about infection. In tiiese tests fruits were exposed to drops of 
inoculum for 5 lumrs at 10®, 15®, and 20® C. All fruits wer(' infe(ded. No 
attempt was made to determine the shortest exposure time foi- infeedion 
at 10® Q. 

In another trial a total of 910 green fruits of uniform siz(* from 40 varie¬ 
ties, lines, and types of tomatoes AAere used. The fruits Avere fii*st random¬ 
ized on clean laboratory tables and lield for 24 hours at room t<mi])eratures 
to equalize all fruit temperatures. They Avere then inoculated by jdacing 

3 Green fruits were used in all tests rutlier tliaii red or ripening fruits, since infeetiou 
in its earliest stages was more readily detc*eted on grecui fruits. 
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3 diops of water contaiiiiiig active swarmspores of cnltiu’e 6C on tlie stylar 
end without injury to the fruit. The drops were allowed to dry naturally, 
and the dryiiij^ time was recorded for individual fruits. Drying intervals 
fell within a range of 40 to 170 minutes. The fruits were placed in classes 
of 20-ininute intervals, giving 6 class intervals of 40-59, 60-79, 80-99, 100- 
119, 120—139, and 140-169 minutes. During the trials, thermometers w^ere 
})la(^ed in check fruits at random on the tables to obtain temperature varia¬ 
tions. A lecoiding of inlections was made 10 days after the time of inocu¬ 
lation. The results are in table 2. 

Ihe drops on the majority of fruits (506 cases) dried in from 60 to 99 
minutes. 3he earliest injection, together wuth the smallest number of 
infected fruits (5.0 per cent), was observed in the 60—79-minute interval. 
The greatest amount of infection (72.7 per cent) appeared in the 140-169- 
niinute interval. 


TABLK iV 
caps id at ro<nn 


-Effect of lime of exposure on infection of tomato fruits Inf Fhifiophthora 
temperature C.) 


J ituc interval Total 11111111 ) 01 * of Percoiitage of 

(niiniites) truits iiiooiilated fruits iiifocted 


40-59 
00-79 
80-99 
too ] 19 

140-109 


58 

0.0 

201 

5.0 

245 

23.7 

191 

48.1 

111 

57.6 

44 

72.7 


Another series of studies was designed primarily to didermine the degree 
ot swarins])ore activity and compare it with infection at varying time inter¬ 
vals. Ternfiei-alures wei-e held uniiorm at 25"' C. and the same techniques 
wert‘ used as in jirevious tests except tliat the drojis of swarmsjiore-inocidum 
on fruits were waslicd off with 95 per cent ethyl alcohol after each lot of 
fruit was removed fj*oin the incubator at a given time interval. In addition, 
to dett*rmine swarmsfun-e activity and germination at each time interval, 
sevei-al inverted drojis of swarmspore inoculum on slides mounted on glass 
blocks in Petri dislies we?*e placed in the incubator for each inoculated Jot 
of fruits. Tln‘ (lro|)s were examined for swarmspore activity and germina¬ 
tion when eai'h lot of fruits was removed from the incubator. The results 
of this study are in table 3. 

Quies(*ent sAvarnispores were first noted at 80 minutes, and the earliest 
germination oc('un-ed in 100 minutes. This correlates ))erfectly with the 
shortest time at Avhicli ini*ectit)u was obsei’ved. At 140 minutes, a few swarm- 
si)ores still were aedive, but at 160 minutes all activity had ceased. Inocu¬ 
lated fruits Avei’c washed with alcohol at tlie end of each exposure interval 
and blotted as in ])revious tests. This disinfectant undoubtedlN* desti-oyed 
all spores on the fruit surface and all germ tubes Avhich were not establislied 
within the cuticle. Tliis may explain the comparatively long time interval 
riHpiired for infection (100 minutes) as against a sliorter ])eriod ot 80 
minutes for ])revious ti'sts. 
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TAULE 3 .—Eff cl of time of i wposurr at ,j'3 ’ (7. on swannsporv activity and germi¬ 
nation, and infection of Land ret h tomato frail by sivarms pores 


Exposure 
(iniiiut(‘s ) 


Observations on 8warins]H)ri‘s 


Infection 

of 

inoculatcMl 

fruits 


20 

All su'arnis})oros very active. 

- 

40 

All s\variiisj)(»Te.s aetive. 

- 

GO 

8vvarms))()ros less .active. 

.... 

80 

A fi'w s\varins])or(‘s (piiescent. majority still active. 


100 

Majority of swarmspores quie.scent, a ftuv gavrminating. 

•t- 

120 

M.ajority of swarmspores germinating. 

•i- 

140 

Almost all swarmspores quiescent, geianination general. 

V- 

IGO 

All swarmspores <priescent, germination marked. 

■V 

180 

Almost all swarmspores germinating. 

‘t- 


Co ntroJ Invest if/at ions 



Since s|)()TaiJuia fippiareiilly are not fonned at 18“^ 0. F.) or below, 

an epiplivtotie oi* trait rot slionid not oeenr at sucdi teinperatnres even 
thonji’h al)undant moisture is presetd. Observations in conimereial tomato 
fields in canning distritds sii])])()rt Ibis vie Y, llow(‘ver, with favorable tem¬ 
peratures for s})orangium ]>rodiietion (above 20'^ (\) and abundant frtn* 
watei*, s})orangia will fomi rapidly within 24 to 48 hours, and swarm- 
spores will be released in from 1 to 3 hours. Follo^^illg the release of 
swarmspores infeetion (*an ocnuir at any held temp(*ratur(\ and at favorabb‘ 
temperatures of 25' to 3(F 0. ean oectir iti as short a time as 60 minutes. 
Ttiese findings empliasize that for effeetive ijrevention of tomato-fruit rot, 
control measures should be applied before (*oiiditions fa\'o]- an e])i})hytotie. 

Use of Culiurffl Methods. — In 1942 a study was conducted to determine 
if mulching the bases of plants w’di straw would aid in r(*duciug iuftadion 
caused by Phiffujdiihoro capsitd. In two PiO-foot rows of a ])lot in which 
the soil was inoculated by the method descivibed in an earlier ])apei* (7), 
plants of both Landi-eth and Early Baltimore varieti(*s were straw-mulched. 
Control plants left ni small five-jdanl blocks were not mulched, liccords 
were taken on 1,827 fruits, from 30 plants. Tlie I’csults are in table 4. 

Although the design of the 1912 test was such that the data obtained were 
unsuited for statistical analysis, the wide diffei*(nices in results between tlie 
mulched piants (1)3.8 and 83.5 ])er cent healthy fruits) and the nonmulched 
plants ^42.2 and 29.5 i)er cent healthy fruits) indicate that mulching 
reduced fruit rot to a marked degree. 

TABLE 4.— Effect of strau’ nndrbing on ft Id infection of frails of tiu JAindreth 
and EarlihLattimore rari> ties of tomato 


Variety 


Early Baltimore 

Laudreth 

Total. 


Pereeutage of healtliv tojiiato fruits from 


Mnlcli(‘(I idaiit.s Nrmmulehcd plants 

1)3.8 42.2 

83.0 20.il 

88.(5 ;a;.() 
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In 1943 staking* and low ridging (6 inches) were included with mulching 
in another field experiment. Staking tomato plants was recommended by 
Sherbakoff (11) as a possible control for Buckeye rot of tomato caused by 
Phyiophthora terrestria (P. parantica), Sherbakoff, however, had no ex- 
]>erim(mtal staking trials. In the test conducted by the writers, 120 ])lants 
of tile Landreth variety were set out in a randomized block of 12 plots. Each 
ti*eatinent was replicated three times. The soil was inoculated by the soil- 
iiioculum method (7) and irrigated at frequent intervals. At harvest, all 
plants were stripped of* fruit. Keadings were made on 5,509 individual 
fruits. The results are in table 5. 

Eidging resulted in significantly’ more liealthy fruits than the control. 
In mulched and staked plots, tlie increases in healthy fruits over the control 
were highly signitieant, and an increase in yield of healthy fruits approach- 

TAIiLE 5.^— TJ/J'rct of cuUitral ircatm(?)tts for Hu redurlion of lomato fruit rot. lie- 
suits are (iiv( u as Uirce-phd averages of hf oith)/ fruits harvested 


TrojUrnent 


Av(*rjig(‘ peiccntnge of lieaUliy fruits 



Actual 

T rails fornied» 

Control . 

. 00.53 

51.12 

Kidgiiig . 

. 80.78 

05.00 

Mulching . 

.. 89.42 

71.13 

Staldng .. 

. 98.05 

82.40 


i)i(T(‘r(‘Tit‘c r(*(juir(‘d for sigMificauec 5 per coat level -12.09 
Difference rcMpiirc'd for significance 1 per cent level =: 18.Ml 


-Percentages CM)nverted into sin- f) by use of Bliss’s tables (2, 8). 

ing the 1 per cent level of significance was obtained in staked plots when 
(?ompared witii tliat obtained by ridging. 

Use of Dust Fi())(jici(h <;.—Because fruit rot apifears in commercial 
tomato fields late in the season, the large sprawling vines make spraying or 
dust ing with power equipment an impractical undertaking, and few growers 
or canning companies are interested in hand spraying. Dnsting l)y hand, 
h()W(*ver, is ot)iisidered pra(‘ti(*al and is freqiiefitly employed in Colorado 
late in the season to control (*ertain insects. For these reasons, the effective- 
mvss of various fungicidal dusts in controlling tomato fruit rot was de¬ 
termined. 

As a ))reliminary to field trials, an investigation was eondueted in the 
lahoratory using fruits grown in the greenhouse. A metliod was devised 
to give a rougli aiiproximation of the fungicidal value of any dust. Fruits 
to be tested were individually inounDd on watchglasses and then were given 
a light dnsting with a fungicide. Following this tliey were inoculated by 
sprinkling lightly with drops of water containing motile swarmspores of 
Phyiophthora capsici. The inoculated fruits Avere placed in incubators at 
2;)° C. at 100 per (‘cmt humidity or in moist cliambers at room temperatures 

4 Where ^ysigiiificjint ” is used, it refers to the 5 per cent level of significance. 
^‘Highly significant” ref(‘rs to the 1 per cent level of signi1icanc(*. 
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for from 2 to 4 hours. At the end of this time the fruits were removed and 
the drops dried by blotting*. The fruits were then held on laboratory tables 
to determine whether infection would develop. 

The most effective fungicides used were those which contained copper 
as the active principal. Dusts selected for field testing were 5 and 10 per 
('ent Yellow Cujirocide, 10 per cent Basieop, 10 per cent tribasic copper 
sulphate, and 10 per cent copper oxychloride. Bordeaux spray (4-4—50) 
was included in the test as a fungicidal standard. To test the efficacy of 
these chemicals in the field, a planting of tomato plants of the Landreth 
variety was divided into three blocks, each containing eight randomized 
plots (Table 6). The treatments were iiext ap])lied and the soil of the i)lots 
was inoculated using the soil-inoculum technique (7). Frequent irrigations 
and the occasional use of a system of overhead sj)rinklers kept tlie field 
wet for 10 days. At the end of tliis time the treatments were again apjdied 
to the plots and were folloAved by a light sprinkling. The planting (‘onsisted 
of 24 plots containing 240 plants. The fruits on 238 plants were counted 
and read for disease. Fruits were divided on tlie basis of whether they 
were in contact with the gi’ound or above tjfe ground (Fig. 1, C). Fruits 
resting on fruits in conta('t with the ground were considered in the groinuF 
contact group. A total of 11.385 fruits were recorded on the basis of health 
or rot; 5,348 of these were in contact with the gi*oiind and 6,037 were above 
the ground. Readings were made 30 days after the imx/ulation. The n‘- 
sults are in table 6. 

Analysis of transformed data (2, 8) given in taide 6 indieat(»s that 
where fruits Avere in contact witli the ground, all treatnuMits except Nos. 
4 (10 per cent Basieop) and 5 (10 per cent tribasic' ('opper sulphate) gave 
a highly significant control an lien i‘Ompai*ed Avith tlie untreated (dieck (No. 
8). The percentage differences IxdAveen treatments 4 and 5 and the control 
A\ e re 11 < in si giii ficant. 

Where only fruits above the gj'ouiid are considered, one treatment. No. 
2 (5 per cent YelloAv Chiprocide ’ talc). gaA^e significantly more healtliy 
fruit than tln^ conti’ol. 

If fruil totals are considered, irrespective of position on the ]dant, all 
treatments ext-ept Nos. 4 (10 per cent Basieop), 5 (10 per cent tribasic cop- 
persulphate), and 3 (10 p(‘r cent YelloAA* Ciipnadde), gave highly signifi<'ant 
increases in. healthy fruil over the eoiitrol. Treatmeut No. 3 (10 per <‘eut 
Yellow Cujtroeide ) an as sigjiificantly belter than the eoutrol. Th(‘ diflnn*- 
enees betAWon treatnn^iits 4 and 5 and the ('ontrol were not signifii'ant. 

Use of Copper ^ulphdfr in Irriejution Wafer. —Muller (10), Avho made 
his observations iii the Netlierlaiids East Indies on a foot rot of black ])e|)i)(‘r 
(Fiper nigruyn L.), recoinmended the use of a mdwork of shalloAv drain 
treTiehes to preAnnit iiifcction by PInjfophthora pahnivfjra var. piper is. 
Wlien infection of^enrred in one of tlie squares isolated by trenches, Muller 
recommended that the diseased ])lants be watered A\'ith 5 to 10 liters of a 
1 per cent solution of copper sulphate jAei* square meter to prevent s|)read 
of the disease. 
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TABLE 6.—Effect of chemical treatments for (he control of tomato fruit rot on the 
Ijandrcth ‘varietyy ID-iS. licsults arc (fiven as three-plot averages of percentages of 
healthy fruits 


Aveni^rt* of lu'althy fruit 


— ■ 

— ..- 


- — — 

— -. 

. . — ... 

... . . 

No. Treatment 

On ground 

Aliove ground 

Total 


Actual 

Trans¬ 

formed* 

Actual 

Trans 

formed 

Actual 

Trans¬ 

formed 

1 "> p(M- ei-Mit Yellow Cupro- 

(50.7I 

51.48 

08.58 

88.06 

82.10 

65.30 

cide, 






05 ]ier cent (Jlierokee clay, 







dust 







i! 5 ])er cent Yellow Cupro- 

65.48 

54.82 

00.14 

85.65 

88.60 

66.26 

cid(‘, 






05 per cent talc, dust 







8 10 per cent Wdlow Cupro- 

50.11 

50.28 

07.60 

81.55 

77.82 

62.00 

cide, 






00 per cent talc, dust 







4 10 per cent Basicop, 

48.04 

48.87 

07.48 

81.01 

72.69 

58.57 

00 per cent talc, <lust 






5 10 per cent Iribasic ccqjpev 

48.67 

40.78 

OS.11 

82.45 

71.93 

58.17 

sulphate, 






00 ])(‘r emit talc, dust 







0 lU jn‘r cent coj>per oxy- 

(;:;.5o 

52.07 

08.86 

82.60 

82.37 

65.38 

cliloride, 






OO per cent talc, dust 







7 4-4-50 iiordeaux mix¬ 

70.88 

57.15 

08.52 

88.48 

83.17 

66.02 

ture, .si»ray 






s Control, no treatment 

82.08 

84.18 

05.37 

78.71 

65.43 

54.05 

Difference rmpiired for significance 







5 per cent level 


11.82 


6.28 


7.74 

1 per cent level . 


15.71 


8.64 


10.74 

» Actual pi'rceiitages transformed to 
(2, 8;. 

allies of p 

' as sin- of 

h liy use 

of Bliss 

'S tahU's 


ill a, [)n‘liiiiiiiii]-\' trial iii 1944, to (Icteriuiiie the value of CuSOj in 
irriuation water as a eonti'oi for PhytophfJun'o copsici, a small plot was 
])laiited witli tomatoes of the Landretii variety, iiiociilation of the soil was 
he^oiii during- eool weather (September 7) siiiee fruit development had been 
very late. A total of eight llio-foot roAvs wei’e used in the study. Each of 
four rows was treated with .V, jiouuds of CtuS 04 and four rows were held 


TABLE 7.— Effect of the addition of copper sulphait to irriyalion u ater for the con¬ 
trol of tomato fruit rot. lirsults are qiren as four-plot averaqrs of healthy fruits har- 
resfed 


Average pereentage of 

Treat.«<M.( of irrigation rvator _ 


A e t II a 1 T ra n s forme d 


EiiSO, added to irrigation ^vater at rate of apjjroximately 4 

imiinds p(*r 100 feet ef row ... 07.40 81.4i! 

Control, no CuSO^ added to irrigation water 80.04 71.78 


Diff. required for significance at 5 per cent level 5.(51 

Diff. required for significance at 1 per cent level . 9.30 
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as controls. Copi^er sulpliate treated and control rows were separated by 
two-row buffers. The fruit on the first 10 plants of each row were harvested 
and read for disease. A total of 80 plants bearing 11,040 fruits were read. 
The results are in table 7. 

The data show a highly significant increase in the average percentage 
of healthy fruits harvested in favor of the CuSO^treated lots. The actual 
average perceutage of healthy fruit harvested for the control plots, 89.94, 
is a very high figure, indicating only light infection. 

Ecsist(nH‘r io Tomaio Frnii Rot .—Of all tlie connncrcial varieties of 
tomatoes tested to date for j-esistance to tomato fruit rot, none have showji 
any consistently resistant reactions. In 1942, 120 c()iiiiner('ial varieties, lines, 
and types were tested in tlie field in small hhx'ks. Only a few of these lines 
showed any promise. Althougli not very cojisistent in its reactions, the 
variety Porter apparently has some resistance. 

The fruits of all j)lants being teste<l are subjected to a laboratory test. 
All fruits are inocidated by placing drops of water containing swaianspores 
on their noninjured stylar ends. The st>lar end is sul)je('ted to infection 
because fruits generallv' appear to be nu^fe resistant to infection at the 
calyx end (12). Fruits are then incubated and trtuded as })revious]A' de¬ 
scribed. Only those having definitely arrested lesions are considei*ed re¬ 
sistant. These studies liave not progressed to tiic point w1hu*(‘ any definite 
statements regarding resistaiK^e can be made. 


SUMMAKY 

Cultures of Phyfophiliura cap.^'ici isolated from rotting tomato fruits 
formed sporangia in great abundance witliin 48 hours at 25 ' (^, when 20- to 
60-day-old giant barley cultun‘s we'*e ground aJid mixt‘d Avitli wt‘ll-moist(‘in*d. 
nonsteamed field soil. 

The optimum temperature for sporangium develoimient by these isolat(‘s 
was about. 25° C. Sporangia vcre not i)roduced at 18° C. or lower tem[)ei*a- 
tures, but- occurred readily between 20° and 30° C. S|)orangia were not 
produced at 35° C Altlmugh abundant moisture is an esstmtial factor, the 
prime recjuisite for iui e]uphytotic is a soil temperature bcM wcHMi 65° and 
85° F. 

Wbeii water was added to soil-inociiliim that liad Ix'en held at 25° (1 foi’ 
48 hours swai’uis[)ore ))roduction readied its iieak in from 2 to ;] hours a1 
25° C. 

Earliest iiifeetion of noninjured green tomato fruits oeiuirred aftcvr 
60-minute exptjsure to drops of inoculum ('Oiitaiuiiig swarmspon's, at 25° 
and 30° C, Infei-tion readied its ])eak after 180-iiiinute exposure at 25 and 
30° C. Ex])osiire of fniils to swarmsporcs at 10° (2 for 5 hours resulted in 
infection. rOiidies of swarmspore activity showed that the time rc(iuired 
to producie infection was con-dated with tlie time nMjuired for swarmsjmre 
germination. 

The rapidity of sporangium formation at optimnm tempeiailvires and the 
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release ami gerniiiiatioii of swaniispores indicate that ('oiitrol measures must 
be a])i)lied early if they are to be elective. 

Tests oji cultural practices for the coiiti*ol of fruit rot showed that miilch- 
inj** with straw' or stakiii*^' resulted i}i moi*e healthy fruit than correspondiug- 
(K)ntrols (1 per cent level of signifieaiice). Ridding* produced significantly 
more healthy fruit than the controls (5 per cent level of significance). 

Studies on tlie ust‘ of fungicidal dusts for the control of fruit rot showed 
tliat wiiere fruits in contact with the grouiul were considered, 5 per cent and 
10 i)er cent cuprous oxide and 10 per cent copper ox\'chloride gave highly 
significant (1 p(U' cent level) control. Bordeaux spray 4-4-50 also effec¬ 
tively controlled the disease. 

Preliminary stmlies on the addition of OiuS <)4 to irrigation water at the 
time of soil inocidation, indicated a highly significant degree of control. 

Of 120 ('mnmereial varieties, lines, and types of tomato tested in the field, 
a few' lin(‘s have shown slight |)romis(‘ in i*esis1am'e studies. 

COliOKADO AuKirULTITRAL ExUEKLMKXT STATION, 

Fort Ooij.rNs, Colorado. 
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HOST-PARASITP] RELATIONSHIPS OP THE ROOT-KNOT 
NEMATODE, HETERODERA MARION! II. SOME 
EFFECTS OF THE HOST ON THE PARASITE' 

Jess k R . C ii R i s t i e 
(Accepted for publication .January 21, .U)4()) 

Tlie feasibility of ‘’•rowiiiji* a particular crop on latul infested with tlie 
root-knot nematode, Ileierodera marioni (Cornu) Goodey, depends, in most 
instances, on two factors: (a) The extent to which the eiHvp in question will 
be injured and yield thereby reduced and (b) the amount of residual soil 
infestation that will carry over to infect tlie followinjr crop. Tlie first lac- 
tor will be determined, primarily, by the effVcts of the parasite on the host 
and the second factor may be det(‘rmined, to a considerable extent, by the 
effects of the host on the parasite. These effects of the host on the parasite 
become manifest in various ways, e.r/., by tlu' rate at which the nematodes 
tlevelof), by the extent to wliicli theyyilevelop, by the percenta<;e of females 
that reacli maturit>’, and by the number of egiis laid by these females. 
However, these ai*e not distiiud and independeJit manifestations but are, to 
some extent, interdependent. 

Developimmt of the root-knot nematode is influenced, of course, by 
environmental factors other tlian the host, of which temperature seems to 
be the most ini]>o]’tant. Demonstrating!’ the effect of this factor, Tyler (5) 
found that in tomato, ^rown in soil at 27" (A, 1C*to 19 days elapsed from tln‘ 
time larvae entered the roots until females began to lay eggs. "When the 
plants were grown in soil at 24*^ (/., this int(*rval was 25 to 27 days, and at 
15.5'^ C. it was 67 days. Demonstrating the effects of the host on parasite 
development, Godfrey and Oliveira (3) found that in cowpea, grown at a 
temperature permiiting rapid development, the interval between penetra¬ 
tion of larvae and first depcnsition of eggs Avas 19 days, but that in ])ineap})le, 
grown under identical (‘onditious, it was 35 days. 

Tsing po|)iilation 8 of the root-knot nematode (see Table 1) and growing 
the plants in a greenhouse Avhei-e the tem])erature averaged slightly below 
optimum for i*apid development of the parasite, the Avriter found tliat in 
common toba(‘co {Mcoliana labacum L.) about 20 days usually elapsed 
from the time larvae entered the roots until femah*s began to lay eggs. In 
turnip {Bras,^ica rapa L.), groAvn under identical conditions, this interval 
was increased by 8 or 10 days but most of the females evtnitually reaehed 
maturity and egg oidput Avas not noticeably less than in eommon tobacco. 
In Nkotmia mepalosiphon neiirck & Muell. Arg. development was mucli 
sloAver than in tnrnii), only a feAV females (probably less than 1 in 50) ev(»r 
leacheo maturity and those that did laid mneh fewer eggs than in eonimon 
tobacco. In y. Viv, development Avas retarded more tlian 

in .A , w.'cjOrlosiphov and only a tew parasites ever passed the molting stage, 

1 For the first paper of this series see literature cited (2). 

m 
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meticulous examination of the entire root system shown in figure 2 re¬ 
vealed only one egg-laying female, a trails]iieeiit, ill-iioorisiied individual 
about one-tliird normal size, that had deposited 7 eggs. In Crotalana spec- 
tahUis Roth, development progressed even slower than in .V. phiniha(jhvifalia 
and no imrasite was seen tliat had passed the molting stage. J.,ai*v ae entered 
the roots of all these jilants freely but with (!. spectahilis moderatelv' swollen 
root tii>s were about the only nuKU'oseojne evideiu'e of infection. AVith 
N, mepalosiphun and A'. plnmha{iiHifolNi, on the other liauil, galling was 
only sliglitly less conspicuous than with common tobacco (Fig. 2)." These 
differences in })ai*asite de\’elopment I'esiilted trom interactions between the 
same race of nematode and different host plants but it foentually became 
ol)vious that (‘(pially t)ronounced diffVrences may I'esnlt from interactions 
between different I’aces of the parasite and tlie same host plant. 

R(*poi*ted in this paper are the results of several experiments to ascertain 
tlu' effects of the host on the jiarasite, especial 1\- on rate and extent of devel¬ 
opment. 8ui){)lementijig tljese ex|)eriments are the results of certain obser¬ 
vations, demonstrating, to some extent, how tliese effects of the host on the 
parasite may inflmnice the building up and maiutenance of nematode popu¬ 
lations. 

PROCEDIRE 

One ol)j(‘ct of the ])r()cedure employed was to control oi' equalize, so far 
as possible, factors other than host that influence the develo})ment of the 
]>arasite. Tiiis was acconijilished, at least To some degio^e. by so arranging 
the exj>eriments that the various dates Avluni the plants nqTresenting one 
host-parasite ('ombination were infected corresjionded apjn'oxiinately with 
the dates Avjien the j)lants repr(‘senting anotlier iiost-parasite combination 
wei'c infected; by growing the jdants sinniltaneoiisiy in the greenliouse; 
and by s(‘(Uiring data on a repi-e.sentativc sami)le of tlie jiarasites liarbored by 
each ]>lant. Air temperatures in the greenhouse were 18"^ to 21/^ C. during 
the night and 24 to 27 during the day. 

S* hidiinir p(fpula(ions uscfl. In the previous ]mju*r of this series (2) the 
TeiMU po]uilatim) was used to designate “an aggregate of individuals of the 
root-knot tiematode the progenitors of whicli were secured from a single 
])lant or from st'veral ])lants (»f the same kind tliat grew together in the 
same l<»ca]ity.” Tliis use of the term is continued in the }>resent paper. 
Tile maniuvr by which tlie nmnatodes were collected does not preclude the 
jiossibility tliat a po]mlation includes more than one rm^e but (‘<uisidorable 
work with these jKipulations has failed to produce any very convincing 
evidence tliat such is the case, llow'ever, methods for identifying and dif¬ 
ferentiating races have not been perfected. Tlie diff'erenees between some 
races are very pi’ononiiced and easy to demonstrate but to differentiatt every 

The Miatitg of populiitjoii S to produce galls on Xirotiana phi mhap ini folia may be 
somewhnt umisuMl sinee the ^Yrite^ has learned through personal eommunioation with l)r. 
hf K. Cliiyton, division of Tohaeeo, Medicinal, and Special Crops, that this plant has 
been grown in heavily inft‘st(‘d soil of .several loe;»lities in the southeastern states yet 
appreeiahle galling lias never lieon observed. 
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race from every other race is a task that ^vill be neither easy nor quickly 
accomplished. The designations and origins of the i)opulations used in the 
following experiments or referred to in the discussion are given in table 1. 
It should not be assumed that the plant from wliich a particidar race was 
collected is an esj)ecial]y suitable host for this race or that the plant wdll be 
found more commonly infected by this race than by some other. The wuuter 
has liad under investigation 6 ])oi)ulations from potato {SoJiDium fuberosum 
Tj.) eacli collected in a different locality. These 6 populations included 5 
different races. Potatoes become infected with whatever race liaj^pens to 
occur ill tin* region wliere they are grown and undoubtedly the same is true 
of many other plants. For example, there is no reason to assume that }) 0 ])u- 
lation 6, by virtue of the fact that it Avas collected from sw^eet potato {Lpomru 
haiaias (L.) Lam.), occurs more commonly on this crop than population 8. 
AVhether tliis is oi* is not the case depends on Avhicli jiopulation haj>p(‘ns to 
be more Avidely distributed in the SAveet-potato-growing regions. 

TABLt] 1 .--‘Sffurcc'S aiul ihsif/nations of the root-lnot nrmatodr iiopulationx 


J*op. No. 

Origitiul host 

(Jeneval locality where 
collected 

lA 

Alfriifa 

Shaftcr, ttalif. 

o 

(/oUon 

Shatter, Calif. 

315 

Potato 

Harlingen, Tex. 

3C 

do 

Tampa, Fla. 

3D 

do 

Tong island, N. Y. 

4 

Peamit 

Pitt Co.unty, N. C. 

5 

Parsnip 

Falls t’hnrcli, Va. 

(> 

Sw(‘rt potato 

Peltsville. Md. 

8 

Tomato 

(ti-i'enluoise, Peltsville, Aid. 


Inociilafum of pUwts. Koil and jiots useil for groAving tlie plants were 
autoclaved 30 to 40 min. at lo ][>. |)ressure, 8m}dl healtliy jdants, securtul 
by soAving seed or by s^ime suitable method of A'egetative projiagation, av(m*c 
set into thumb pots. Each plant A’ as allowed to groA\' until a loose nelAvork 
of roots had formed dvcm- tJie inner surface of tli(‘ pot and the plant could 
be removed Avith the root system and soil mass intact. With th(‘ aid of a 
]upfdte the inoculum (a suspension ot viable larA’ae in Avatm') Avas a|>piied 
to [he sides and bottom of the soil mass and the jdant returned to the |>ot. 
After 24 hours the plant Avas again renmved and all the soil waslied aAvay 
from the roots. Washing was done carefully to avoid injuring tlu* roots, 
hut thoroughly to remoxe all larvae that had not already jienetrated. The 
plant Avas tlu^u reset in a larger pot, Avat(*r(Ml, and shaded from hriglil snii- 
liglit for the first day or two. When tlie roots of the plant AAa^re subsef|uently 
examined the age of the i)arasites, nr., th(‘ length of time they liad been in 
the roots. Avas known to Avilhin tlie limits of 24 hours. 

Examinalwn of plants. Eacli jilant was removed from tin* ])ot, the soil 
Avashed from the roots, and tlie entire root system treated witli laet(>])heiiol. 
The technic was essentially the same as that described })y Wclhdli, Taylor, 
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and Smith (4) cxeej)! that Sudan IIT replaced acid fiichsiti as a stain. This 
treatment clears and softens the roots and stains the parasites, making them 
easy to see and to remove. A small portion of the root system was clipped 
off and examined under a low-power, dissecting microscope. So far as pos¬ 
sible every parasite contained in this portion of tin* root system vras dis¬ 
sected out and its stage of devel()})ment determined and recorded. Another 
portion of the root system Avas then examined and tlie operation continued 
until 100 parasites liad been counted and recorded or until the entire root 
syslem liad lieen examiin/d. Cue f>lant was used for (*ach count. 

Data rrcordcd. 'IMie ]>arasites were classified into 5 groups based on the 
amount of develojnnent uinlergone. (irouj) A inelud(‘s larvae from the 



Fa.'. 1. Ciumps .V tlirouj^h F. into wlnrli the pavasiies \vi*rc classified according to 
lilt' junount ot devtdopnieiit iinderj^owe. 

stage where they have begnn grow to the stage Avhere they still possess a 
more or less eonii'al tail (Fig, 1, A). Gj*onp .!> iucliuies lar\'ae from the 
stage wliere they have aetpiired a more or less hemisplnu'ieal ])osterior end. 
terminated l)y a spike, to the stagt‘ Avhere tliey are alarnt to complete the 
tiiuil molts (Fig. 1. B). Croup C includes females from the stage Avhere 
they have eompleted the molts to the stage where tliey are almost, tlmngli 
obviously not (piite, fully grown (Fig. 1, C). Croup D includes females 
that are fully grown or almost fully grown but have not yet laid eggs (Fig. 
1, D). Croup E includes egg-laying femah‘s (Fig. 1, E). 

B(‘eause the separation of grouii A from group B and oi group 0 from 
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groii|) D depends on artificial cleavages in a graded series, some inconsis¬ 
tencies in placing borderline individiials were unavoidable but the error 
thus introduced is not sufficient to alter the final picture materially. Sudan 
III, as used in the technic, does not stain larvae that have undergone no 
development and if such occurred they are not iiichided in the counts. 
Adult males were omitted; metamorphosing males wei’c placed in group B. 

In the first experiment (Table 2) only 50 parasites from eacli plant were 
recorded and no distinction was made between fnlh-grown females that 
iiad, and those that had not, laid eggs, it became obvious, liowever, that 

TABLE 2 .—Comparatire <i< rvlopmcnt of Ho root-knot fo inatodt (popntation <V) in 
rtain varieties of street poiators 


Pliiiit 


Period of Nuniof parasites in 

development e.ivli group 



I)at(‘ 

iul’ected 

Ti me 

A 

B 

(’ 

D&F 

Tot. 

Jpoiiioeahatatas (L.) J^jiiii., vnri<*ties 
Triumph 

IH/ 

If 

V'( ck.< 






Aug. 1-r, 


p 

.) - 

12 

o 

Td) 



0 

17 

12 

IT) 

r»o 

Porto Kieo. 

do 

;; 

le 

.);j 

J 4 

;i 

oO 



o 


<; 

/ 

:m 

aO 

Xjuiev (told . . 

do 


“ 

h; 

17 

10 

50 



0 

i 


40 

50 

K(‘d Bruzil. 

d.» 

;; 

e 


9 

36 

50 




11 

(1 

{) 

.^0 

50 

Jersey Big Stem 

A ug. .*)--<• 


11 


H) 

;n 

50 




1. 

2 

“ 

41 

50 

Florida. 

d.t 


;; 



27 

50 




0 

r 


47 

50 

r.S. No. 47442 

do 

;; 

2 


12 

27 

50 




0 

>) 


41 

50 

Oiaiige Little 8tem . 

A ng. (i- 7 

;; 


;; 

n 

0 

6 



o 

II 

4 

4 

p 

S 

Naiirv Hall . 

do 

;; 

2 

!♦ 

IS 

21 

50 



(' 

7 

.‘i 

40 

50 

Maine vita . 

Aug. 11-12 


2 

s 



50 


50 was not an adecpiate iMiuiber of ]>arasiteN and tliat ilie data would be 
more informative if egg-laying females Avere ]da(!<‘d in a s<'parate group. 

Short tiTue intervals were used in the first (‘.\|)eriinent lest results be 
invalidated by the inclusion of second-gmiei-ation larvae. l»i substMjnent 
experiments 6-week and, linally, 8-week intervals weiv included. That 
second-generation jiarasites Avere not encounter»‘i] is apparent from an 
examination of the data. 


EXBERIMEN I’AL TtESI LTS 

Results are shoAvn in tables 2 to 7. In the expei-inifuit Avitli sw(‘(*t pota¬ 
toes (Table 2), parasite development of population 8 Avas most rapid in Red 
Brazil though only slightly more so tlian in Xain*y Bold, Jersey P>ig Stem, 
Florida, U.S. No. 47442, and Nanev Hall. DeAelopimnit was I’ctarded in 
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Maineyita and, to a less decree, in Triumph. Orange Little Stem aecjiiired 
few parasites but the eoiulition of tliose present su^^gested tliat development 
was somewliat retarded in this variety also. 

Referenee has already been made to the different rates at which popula¬ 
tion 8 developed wlien common t(»baceo, turnip, Nicotkina niecfalosiphon, and 
iV. plumba(ji}rrfoJHi, served as hosts. These differences are clearly indicated 
l)y the data in table 3. AVlien devt*lo])ment stops, tin* parasite soon becomes 
trauslueeiit and, eventually, can no longer be recognized, wliich is probably 

TAIVLK 3.— Comimnitir( d*n lop))t» ttf o/ the root-tnot nenuiiode (jyopidations lA^ 
2^ /, ond S) in certain '" sn.^cepUhtr" and in certain A'csisianiA ’ plants 


Period of >sni)il»er of porasites in 


IMont 

Pun 

dvvelopmcut 



cadi group 


No. 

. - . . — 

— .... 





. 



Datr* 

iiitfctfd 

Tiiiu* 

A 

Ti 

c 

I) 

E 

Total 



/ '> / 

weel'f 







Xicedinna iahacnw T,. 










var. (iold .hollar 

s 

Aug. IS-10 

4 

0 

4 

13 

d3 

20 

TOO 


S 

\ ug. a . 1 

4 

0 

4 

211 

48 

19 

100 

Jirassica rapa L. 










va r, P11 r] • ■ toj) S1 1 a ] • 1 1 *:i f 

s 
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22 
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2 

11 

2d 

dl 

100 

A’ ico I iann in e a a 1 os iphon 










lieun k it Miiell. Arg. 

s 

Aug. L’l-l’") 

4 

13 

70 

17 

0 

0 

100 

s 

do 

(i 

2 

50 

33 

5 

1 

100 


,s 

so|>t. 'J-:'. 

8 

1 

24 

7 

3 

0 

35 

Xicutiana p 1 nniha(iinif(>tia 










Viv. 

s 

Aug. ‘J'l-i,’”) 

4 

d.A 

1 

0 

d 

0 

dd 


s 

do 

() 

0 

0 

0 

0 

0 

(> 

La n tan a raniara L, 

s 

A ug. 31-Si*pt. 1 

4 

0 

0 

0 

li 

0 

0 

Pdanfoninm anno >d/ ns 

1 A 

.lau. 0-10 

(> 

.*> 

0 

0 

0 

0 

3 

L'ilcv. 

•J. 

do 

(> 

0 

0 

l.> 

d 

0 

0 


1 

.f;ni. 1-2 

d 

(» 

1 

o 

14 

0 

17 


V 

d<» 

r. 

0 

0 

d 

0 

0 

d 

St in <•><> cine raria 1>P. 
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.)aii. 1S-U> 

d 

].') 

4d 

33 

d 

0 

] 00 
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0 

\} 

2 

o 

2 

d 

Ararhis h i/popaea L. 
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var. Virginia lOnirnr 

l.\ 

l-Vb. 1-3 

d 

IT) 

45 

0 

(> 

di ) 


do 

d 

d 

Id 

(1 

() 
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\ 

do 

1> 

e 
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87 

lOd 


0 

do 

d 

(I 

0 

d 

d 

0 

d 

the I'cason why no piarasiti' was 

tonnd in the G-week plant of A 

. p] It tuba gin i- 

foliit and is |>ossil)ly the 

I’casou 

wliy so few 

Avere 

found 

in 

the 8-Aveek 

plant 


of N. meeiaiosipltna, That the same host may allect tlie development ot 
differeiit races of llo' parasite in a different manner is shown by the results 
with peanut (Table 3). i 8ee also results with cotton, Gossijpinm hirsiitunc 


and alfalfa, Malicapo salidd L., in tables 6 and 7.) 

l^)l)ulation 8 dev<‘loped at about the same rate in each of the vai ieties 
<ff bean {Phastolns riil<idris L.) tested (Table 4) with the probable excep 
tion of Alabama No. 1 on nhich, unfortunately, residts are incomplete. 

Tlvc average rale of development in Toroj'dcitui kok~sdfjhijz Rod. A^as 
about the same for each of tlie pirj^^dations used (3\tble 5) but with 2, 5, 
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TABLE 4 .—Comparative development of the root4:not nematode (population 
S) in certain varieties of beans 


Plant 

Period of 
development 

A 

NiiuiIku’ of parasites in 
each juroup 

B C D E Total 



■U't eks 







Phaseolus vulparis L., vai-ieties 









Strhigless Green j*od 

D(‘c. 28-29 

4 

4 

12 

7)7 

07 

0 

100 


Dec. 31—Jan. 1 

(> 

0 

0 

0 


98 

100 

Caseknife . 

Dec. 28-29 

4 

(I 

20 

4<; 

28 

0 

100 


Dee. 31-Jaii. 1 

li 

n 

0 

II 

2 

29 

31 

Bountiful . 

Dec. 28 -29 

4 

li 

14 

70 

4 

0 

100 


Dec. 3;i-.Ian. 1 

<i 

{} 

2 

.3 

1 

92 

100 

Plentiful . 

D(‘c. 28-29 

1 

4 

20 

70 

0 

0 

100 


Dec. :M-.Iaii. 1 

r> 

(I 

4 

7) 

7 

84 

100 

-Pinto ((>50) . 

Dec. 28-29 

4 

4 

37 

57) 

4 

0 

100 

Dec. 31-Jan. 1 

li 

u 

0 

II 

1 

50 

i) t 

Davis’ Wliite Wax 

Doc. 28-1:9 

1 


43 

4 5 

0 

0 

100 


Dec. 31-.Taii. 1 

(i 

n 

0 

0 

8 

92 

loo 

Dwarf Horticultural . 

Dec. 2«~29 

4 

i;; 

17. 

24 

(» 

II 

82 

Alabama No. 1 . 

Dec. 2k-29 

■1 

2 

12 

0 

II 

0 

14 

\ieotiana tahacum var. Gold Dol¬ 









lar .. 

Dec. 28—29 

i 

♦; 

2 S 

50 

7 

(1 

mo 


Doc. 31-.Ian. 1 

() 

u 

2 

1 

• » 

94 

100 


and 8 consistently fewer })Hrasites entered llie jdants tlian with lA. This 
difference was ev(‘ii jireater than tiie ta()]«‘ indicates bt‘canse totals of Jess 
tlian 100 represent all tlie parasites harbored h\ a plant while totals of 
100 do not. In piaM'ions ex|>erinients with T. I'ok^sniilnf: M-rowii from seed, 

TAirtiE 5. — Comparatire dere^ pmrnf of tie rotd htiot in lualtoh: [populations J.t, 
n, S) in Tara.cacnrn kok-saphpz JRod. 



Period of de\eloj 

pmelil 


\ umiIm 

■r of' loj. 

r.isit»‘s ill ( 

I'ach 

;^roup 

Pop. No. 

.... 








Date Jnf<M'ted 

Time 

A 

n 

r 

D 

E 

4\)tal 



V > ek.s 







lA 

i\ov. 9-m 

4 

4 

10 

18 

li 

0 

17 


do 

C 

9 

14 

25 

34 

IS 

liiii 


Jan. 18-10 

6 

11 

16 

2!i 

20 

24 

100 


do 

i\ 

1 7) 

:>o 

21 

11 

20 

mil 


do 

6 

2 

13 

Hi 

18 

51 

mil 


do 

6 

5 

37 

51 

n 

0 

100 


Nov. 9-10 

8 

4 

16 

28 

1 

51 

100 

2 

do 

4 

0 

1 

0 

0 

0 

1 


do 

0 

1 


0 

7 

II 

13 


Jan. 18-19 

0 

,) 

9 

15 

13 

16 

.56 


do 

0 

t 

X 

4 

14 

21 

10 

83 


do 

() 

C) 

9 


16 

10 

12 

76 


Nov. 9-10 

8 

4 

8 

13 

0 

37 

5 

Jan. 22-23 

() 

0 

(i 

0 

II 

11 

50 


1 

0 c 

4 

6 

8 

0 

0 

0 

0 

IS 

0 

I 

14 

1 

0 

12 

(I 

0 

8 

10 

52 

8 
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results suj^'gested the j)ossibility that individual plants differed in their 
relations to the parasite. In view of these previous results it is interesting 
to note the eonspieuous develo])niental lag that otreiirred in one of the plants 
infeeted Avith ])opulatioii lA (Table 5). 

Larvae of population lA (Mitered the roots of cotton freely but develop¬ 
ment was sharply rf'tarded and Avas not much more advanced at tlie end of 6 
Ave(‘ks than at the end of 4 weeks (Table 6). The development of popula¬ 
tion 2 Avas moderat(‘ly rapid. The development of population lA in alfalfa 
(Table 7) Avas about the same as tlie development of population 2 in cotton 

TAP>LE i\.— Cowparatirf dm Utpmi nt of (he rooi /rnof nematode (popHlaliouR ]A 
and::::) in rot ton {rarirtu Coker Ifn)) 


Period oi‘ dovcdopiiicnt Xuniitor of porn sites in CJicIi group 


Pop. No. 

t iiifccMcd 

'J'iino 

A 

n 

i: 

1) 

E 

Total 

,td4: . /.; 

Weeks 







lA Nov. M>“17 

4 

48 

52 

0 

0 

0 

lOO 

Nov. 

4 

85 

15 

0 

0 

0 

100 

.Ian. lo-K) 

4 

6,T 

10 

0 

0 

0 

73 

do 

4 

83 

37 

0 

0 

0 

100 

Nov. pi-17 

(> 

4G 

52 

‘> 

0 

(,i 

100 

Nov. :m-2o 

(i 

18 

21 


0 

0 

42 

Nov. 2 : 1-24 

0 

59 

41 

0 

0 

0 

100 

.Tail. 15-Pi 

(i 

75 

25 

0 

0 

(• 

100 

.Tail. 15-Pi 

8 

.56 

44 

0 

u 

0 

100 

Jan. 20-21 

S 

32 

67 

1 

0 

0 

P)0 

do 

8 

22 

77 

1 

0 

0 

ICO 

2 Nov. Pi-17 

4 

5 

30 

34 

3J 

0 

J 00 

Nov, 10-20 

4 

15 

71 

1:1 

1 

0 

100 

.Ian. 15-Pi 

4 

13 

64 

23 

0 

0 

TOO 

do 

4 

16 

58 

16 

10 

0 

10(i 

Nov. Pi-17 

(> 

4 

25 

31 

28 

12 

1 00 

N(»v. 10-20 

(> 

0 

18 

33 

30 

10 

100 

Nov. 25 21 

(i 

2 

15 

2(i 

:u 

♦ i 

s;i 

.Ian. 15-1(1 

6 

5 

23 

32 

31 

p 

100 

dn 

s 

[) 

3 

10 

20 

67 

100 

Jan. 20-21 

8 

0 

5 

11 

14 

70 

100 

do 

s 

0 

•> 

13 

22 

6;i 

100 

d<' 

s 

0 

0 

21 

26 

50 

loo 

)ut 2 failed t(» infect alfalfa to any 

appreciable 


Th is i 

*ailure 

is not 


surprising simo’ larvae of other populations have failed to iMiter the roots 
of ('crtain iilants, or luive (Milei-ed in very small numluvrs, but the development 
of the few parasitt*s of population 2 found in alfall’a does not appear to liaAe 
be(Mi apiireeiably retarded. Differences in the number of piarasites har- 
bort‘d b.A' tin* different plants in this and other ex}>tMMments Avere due, in 
some measure, to ditferenees in the number of larvae to which they AviU'e ex¬ 
posed. Furtliermore, the root systiMii of alfalfa seedlings is less branched 
and has foAvtvr root tips than that of iiiauA’ plants, and tlie roots grenv doAvn- 
ward and coil in the bottom of the pot. It Avas dilficult to infect altalla 
with an ade(|uate numlxu* of jiarasiti's regardless of the poinilatioii emiiloyed. 
IIoAveA’cr, neither the ('harac1(*r of the root system nor the number of iarA’a<' 
to Avhich it Avas exjiosed can account for the almost complete failure to infect 
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alfalfa with population 2. Tliat tJiis ])opulation included more than one 
race is, admittedly, a possibility. 

SrPPLEMENTAKV OBSERVATIONS AND DlStUTSSlON 

Many plants are re^Jarded as ‘‘resistant/’ not because larvae fail to 
enter but because they fail to develop after entering’. Barrons (1) found 
no .sijinificaiit difference lietweeii the mean number ol larvae |)er rootlet in 
such “resistant” plants as corn {Zra inaifs L.), oats, rye, onion, ci'otalaria 
(Crolalaria spccfahilis). and bean (var. Alabama No. 1) and such “susce])- 
tible” pJants as cowpea (var. Cream Crowder), okra, bean (var. Kent\icky 

'I’ABLE 7.— Com para five development of tin root knot nemaiodt (papidaf mns lA 
and k) in alfalfa 


IT'i iod ef (Icvclopiiu'iit Xuiuber of panisites in each group 

l*op. Xo. ■ -—..-. .- - -.-- ---. ... 

^ -r- . .... I A /i 1 \ t:^ ri 


infected 

'riniv 

A 

P> 

c 

1) 

F. 

4’otal 


U'< eks 







Oct. a: 

4 

4 


13 

0 

() 

4P 

Oct. 2a-:io 

a 

1 7 


2 a 

12 

3» 

1()0 

.fan. 4-‘> 

C) 

0 


;; 

IP 

e 

3.'l 

Jan. ‘jr>-2d 

a 

0 

li 

8 

7 

k>0 

40 

di) 

(i 

1 

4 

10 

1.3 

;!s 

7S 

do 

0 

0 

;i 

a 

25 

00 

lOo 

Xov. 2-3 - 

8 

[) 

4 

15 

10 

r>5 

U M > 

dan. 1-2 

8 

i) 

1 

7 

5 

20 

30 

do 

8 

0 

0 

3 

27 

70 

loo 

Jan. 4-7) 

s 

1} 

0 

1 

0 

50 

57 

do 

8 

0 

0 

• 2 

7 

SI 

00 

Ort. 29-3(‘ 

a 


0 

0 

0 

0 

n 

•Tan. 4-7i 

Cl 

n 

u 

(1 

1) 

1) 

0 

Jan. 25-20 

0 

0 

1 

1 

5 



do 

<> 

n 

0 

! 

1 

0 

.> 

do 

t» 

(» 

\) 

1 

1 

0 

o 

Xov. 2-3 

s 

0 

0 

0 

0 

0 

1. 

Jan. 2-3 

s 


0 

(1 

0 

1 

1 

do 

S 

(» 

0 

0 

0 


0 

Jan. ■1-5 


(1 

1 

(1 

0 

(1 

1 

dr. 

,s 



0 

n 

n 

0 


WoiiderP and tomato, wiien ail wei’e e(iually exposed to infection. Hesvdts 
from the ]>resent experiments indicate. Jievertheless, that hn*vae do not entiU' 
the roots of Nome plants as rea<lily or in as large numbers as they do others 
and the existence of jdauts inmiuiie to invasion, at least by some races, seems 
a likely possibility. 

The inoculum ])oteutial of the soil may be ijifluenced, no doidit, by many 
factors but it is directly de])endent, initially, on the egg production of th(‘ 
parasites. Conspicuous galling on the roots of a crop may not be an in¬ 
fallible indication tliat a following of the same kind will be equally 
affected. Su])sequent generations of the panisite develop from eggs, not 
from galls. A plant may liave galling of con.sideral)le sev(*rity y(‘t develop¬ 
ment of the parasites may be sufticienth' retanled to residt in a ])ronouuced 
reductioii or. in some cases, an almost eomj)letc suppression of egg-laving 
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Hiid this will be reflected, eventually, by n eorrespondin^' decline in soil 
infestation. It is erroneous to assume that sueli a decline cannot occur if 
llie crop is one of those that have come to be regarded as hiji-hly suscep¬ 
tible.’^ No plant is an equally suitable host for all rac-es. 

The influence of some of these effects of the host on the parasite became 
manifest, unexpectedly, when attempts were made to build u|> and maintain 
different jjopulatious for exx^erimental puri)oses. Wlien tomato {Lycopcr- 
sicuni escvlcntum Mill.) was used as a maintenance ])laut the initial suc- 



Fk;. L'. svstriii of t\ pl.'ini of phnubiUilnifoJla that hod )>ccii growio^^ 

for 61 cloys in soil iiifcfstcd ^vith the* root Knot iKMiwitodo, po]>ulotion 8. 

cess, with a few excnqitions, setnned lairly satisfactory but e\entual]y it 
becanu‘ evident that all populations were not bein.ij: maintained at a liiyli 
lev(*l. For exani[)le. wlien potato tubers infected with ])Opula1ion 3D A\ere 
used as inoculum, a very severe infeclion cimld be jirodueed on tomato. 
Wlien the roots of a tomato i)lant thus infected were vised as inoculvmi to 
infect anotlier tomato ])lant tlie resultino* infection was less severe. Whh 
rojieated transfers from tomato to tomato the sevm’ity of the intection 
declined until it heeanie moderate to liiiht. Somewhat similar residts Auwe 
obtained when attenqvts Avere made to sejireizate and liuild uxv ))o{)u]atious 
from sinjjfle ea:^’ masses, of Avhicli the followinji* is an interestiiifr example. 
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Ei^ht small plants ol* (-onimo]! toba(*ro imxmlated by placinji’ 

amoug' the roots of oaidi a single egg mass of population 31^, and 8 similar 
plants were inoculated in the sajue manner with j)opulation 3C. These 
two populations were known to })roduee severe galling on tobaei'o and pre¬ 
vious work had giveji no intimation that tobacco was not cipially suitable 
for, and equally affected by, both. AH the i)lants came from the same lot 



FiCJ. Koot Hvstcms of tohncoo pl.-iiits infccti'd willj the rool-kiiol, iiiMHotoat'. W'Ik'ii 
these plants were siiiall a single iK'matode mass was plat'ed amoji^^ tlie roots of i-aeh, 
the upper row being infeeted in this manner with population ‘M) and the lowei- row witli 
population ,K;. Photographed 15 \vee]:s lati'r. 

of seedliugs, were approximately the same size, were inoealaled at the same 
time, were potted in the same sized pots visin<r Ihe same kind of soil, and 
were grown on the same greenhouse beneh. All plants within eaeli group 
grew ai about tlie same rate, maintaining approximately tlie same size hut, 
by the end of 4 oi- 5 weeks there was a A-ery noticeable difference h(>tween 
the groups, those inoenlated with population MF, being larger. This dif- 
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foreiice Avas iiiaiiitaiiied tliroiij»liout the f>rowtli ot the plants, eventually 
beeojnin^' very conspieiions. After 15 weeks all plants were removed from 
the pots and the roots washed free of soil. Tlie degree of galling within 
each group Avas remarkably luiiform but the i)lants harboring population 
;1C were much more heavily infected and much more severely galled than 
those harboring poi)ulation ‘1J>. The ])hotograplis reproduced in figure 
3 sIjoav fairly AV(dl the pronounced ditrerenee between the groups with 
respect to galling but they do not shoAV the even more pronounced differ- 
(*nce Avith r(^si)ect to (^gg ])roduction. p]gg mass(‘s Avei’e present on the 
roots of the plants infected with population 31 > but there* AAcre compara¬ 
tively fenv, Avhile on the plants infected Avith popidation 3C they Avet*(* 
exceedingly abundant. When these plants Avere inoculated the egg masses 
used had Ix'cn selected as being large and of vmiform size but the number 
of eggs per (*gg mass A\’as not determined. It was conceivable, therefore, 
that the egg masses selected from X)()pulation 3(J contained a larger number 
of (‘ggs than did those selected from 3H. To secure some indication re¬ 
garding the likelihood that this Avas the case, counts Avere made sidjse- 
(piently on tgg masses similar to those used to inoculate the i)lants. In 
round nund)(‘rs, eggs ])er egg mass varied from about 3()() to 500 with no 
a[)parent dilference between populations. 


CONCLl'SIONS 

Some plants are highly suitable hosts for a given race of the root-knot 
nematode and others are highly unsuitable hosts, but most lie between these 
(wo e.vtremes and m'iU’ly (*vei*y degree of suitability may be encountered. 
Ib'tarded develojmient of the parasite is a manifestation of unsuitability or 
(if we detiin* resistance in a plant as its condition of being an unsuitable 
host ) of resistan(‘(*. Th(*re ap})ears to be no correlation between the suit- 
al>ility ol' the host and tlie freedom Avith Avhich larvae enter its roots. Many 
plants that ai*e liighly unsuitable are invaded as freely as more suitable 
ones. Tin* present (‘xperiments indicate that, even though given an ample 
o])portunity, larvae ent<‘r some plants in very small numbers althougli it 
remains to he demonstraled that any one of the lloAvering plants is immune 
from invasion. Results Avitli alfalfa raise some doubts that failure of 
iarvai* to entt*r a plant in large numbers cati be accepted as pnma fade 
evidence of unsuitability. Then* nt)jx*ars to he a direel eorrelation be- 
tAvex*n suitability of the host and rate of parasite development and a direct 
correlation betwe(*n rale of parasite* d(‘veh)pment and egg prodnetiou. 
Where parasite develoj>ment is only slightly retarded the effect may he 
little more than to rtxlueo the number of generations tliat oeeur in a give?* 
period. When d('Ve‘lo])m(*nt is more sti-ongly retarded many of the females 
may noAn*r read? maturity Hiid there may be a reduction in tin* egg output 
of tliose that do. In extrcim* (*ast*s deA*elopment is almost completel\ sup- 
})ressed and, of {*onrse, (*ggs are not ]>i*odnc*cd. I iisiiitabilitA of the host 
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with its variolas consequences is not necessarily accompanied by a corre¬ 
sponding reduction in severity of galling. 

Plant Industry Station, 

Peltsville, Maryland 
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YELLOWS VIRUS IN SOUR CHERRIES 


W. B. Mills 

(Accepted for publication daniuirv 1946) 

The virus yeJlows of sour (dierries has ]on^»‘ been present in New York 
State orehards. Stewart (9) aecurately described the symptoms. He stated 
that the trouble oceuri'cd oeeasionally in sour eherries and ascribed it to 
unfavorable soil and weatlier conditions. The disease has been reported 
in The Weekly News Letter^ as occurring- in varyiii" amounts since 1921. 
Crosby, Mills, and Blauvelt (1) described the disease as a physiological leaf 
drop *‘api)arently correlated with winter injury’’ in their bulletin and in 
subsequent annual revisions until Keitt and Clayton (6, 7) deinonstrated 
that a Inid-transmissible virus was respionsible, after whicli it was referred 
to (2) as virus leaf drop. Hildebrand and Mills (5) reported that the 
yellowing and dropping of leaves caused by the virus yellows was prevalent 
in New York during 1928. 1931. 1935, 1937, and 1938. This report was 
based on the jdant disease records of the writer for the years 1928 to 1940. 

Subsequent studies have b(*en made of The Weekly News Letter and 
the fruit disease (piesti(uinaires. which have been filled out annually in the 
commercial fruit-growing counties since 1931. These records indicate that 
in 8 of tlie last 25 years the symptoms of yellows have been unusually 
sev(u*e. Tlu^se years were 1921, 1927. 1928. 1931, 1938, 1941, 1942, and 1945. 
Distinctly less yellows occurred in 1935 and 1937 and these two years were 
phu'ed in the moderate group after carefid study of the available records. 

Hildebrand (4) staled that virus yellows syiujitoms were obscured by 
defoliation from fungus leaf sjiot in 1943. It seems evidtmt that some other 
factor Ilian the incidmicc of cherry leaf spot {Cocconiifcefi Jnonalts) must 
be sought to ex|)lain the variation in the amount of tlie yellows sym])toms 
during the last 25 years in tliis State. During the 8 sejiarate years when 
yellnws symptoms w<*re unusually severe, leaf spot was sevei’e in 3 years, 
sliglit to moderate in 2 y<‘ars. aial very .slight to a tra(*e in 3 years. In the 
1() years when the yellows sym])toms were less intense, the leaf s|)ot was 
sev(‘]’e in 4 years, slight to moderate in 7, and vei*y slight to a trace in 
5 years. 

A possible explanation for the wide variation in the expression of the 
yellows virus from year to yeai* in the orchard ajtpears in the greenhouse 
experiments of Keitt aiul Moore (8) who found that there is a masking of 
the yellows symptoms wlieu trees which have been budded with infected 
buds are held at high temperatures. Yellows symptoms were freeh ex¬ 
pressed in the budchal trees held at 16" C. (60.8" P.), only one budded tree 
sliowed the symptoms when held at 2(P C. (68" F.)' trees budded 

1 The Weekly News Letter is a Hiiiiieogr;,plied eoiiipilation of weekly reports ou dis¬ 
ease and inseet development in New York State, issued since 1919. 
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and held at 24® C. or 28® C. developed the yellows symptoms. These data 
indicate that partial or complete masking oi! the symptoms occurs when 
the tern])erature rises much above 61® F. 

The records mentioned above Avere tabulated for Montmorency cherry 
orchards near Lake Ontario to show, for each of the last 25 A’ears, the date 
of the beginning of bloom, of the |)etal-fall stage, and of the first appearance 
of the yellows symptoms. From the cJimatological data of the K-oc]iest(n* 
office of the United States Weather Bureau, tlie mean temperatures were 
tletermined for 10-day i^eriods in relation to the petal-fall stage for each 
year. Figures for the 8 years when the yellows sym})toms w(‘re most 
severe were placed in one group, and figufe for the J7 remaining years Avere 
in a s(H‘ond group. The two groups Avere then treated statistically to 
determine Avhether any significant difference existed f^>r any of the lO-day 
periods betAveen the years Avhen yelloAvs sxjuptoms Avere sti'ongest and the 
years Avlien the symptoms Avere less ]Aronounced. In table 1 tlu^ mt*an tem- 
l)erat.ures for the various periods are given for the 8 yeai's of consj>icuo\is 
yelloAvs symptoms and for tlie IT years of lighter sym|)toms. The values 
and the odds are included to show the relatiA'c signifii/a,nee of the differene(‘s 
in mean temperatures. It Avill be noted (Table 1) that the mean temi)era- 
ture for each period Avas alAA’a.A's loAAer for tin* years wlien heavy yelloAVS 
symptoms oceiirred than.for the years of lightei* yellows ex|)i'i‘ssion. The 
first, second, and third 10-day periods folloAA'ing the petal-fall stagt‘ shoAV 
a very significantly loAver temperatur<‘ for tlie yeai’s of si'verc ytdloAvs. The 
lO-day period preceding the ])eta]-fall stage and t he p(*riod 31 to 40 da a s 
after the petal-fall show oidy a probable significant (l(*crease in mcavi teni- 
})erature for the years of .severe yelloAvs. Vari(*us 20- and 30Hlay periods 
in relation to tlu* petal fall are included in table 1. All l)ut one of th(‘se 
periods sIioaa' a A^ery significantly loAver menu teinpei*atU7’e for tlu* years 
when the yelloAvs Avas inost severe. As might he <‘xi)(*cted from tlu* diflVr- 
ences sIjoavij by tlie 10-dav ])eriods, the 30-da\ ])eriod following the ju^tal 
fall sliOAVS the most sigjiificant diflVrences in temperature as indicated by 
the highest F value of 33.01. 

Before the temj)erature i-ecords Avere com|>il(‘d, it Avas noted that tlu* 
years of earliest (dieriy bloom Avere also the years in Avliit-li the most severe 
yelloAvs appeared. The average number of days atU*!* Aiu'il 10 for the 
beginning of bloom Avas 18.12 for Hie 8 years of heavy \elloA\s and 32.41 
for the 17 years of lighter yelloAvs Avith a liighly signifieaiit F value lor 
tile difference of 20.85. In other words, the average calendar dat(' for tlie 
beginning of bloom in the 8 years of heavy yelloAvs was Ain-il 28, Avhich Avas 
very significantly earlier than May 12, the average date for tlu* years of 
lighter yelloAvs symptoms. The average date ol* tlie p(‘taMall stage* was 
May 12 for the years of lieavy yellows, very significant]\' earliei* tlian the 
average date of May 25 for the y<*ars of lighter synijitoms, as sIioavii by an 
F AUiliie of 17.ol. Sour clu*rries began to bloom in tlie Lake Ontario clicrry 
belt on April 16 in 1945 and the Avriter ventured to pi'cdiet at that time that, 
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with one ol. the earliest bloom periods on record, we should expect heavier 
yellows in 1945 than in the two previous years, since in 1943 the bloom was 
later than average and in 1944 only a few days earlier than average. This 
1945 season proved to be the year with the most severe yellows on record. 
The refison for tins is obvious. Leaf development in sour cherries starts 
at about the petal-iall sta<ie and is rapid durinj^ the next few weeks. An 
early bloom j)eriod, as in ]f)45, is followed by this leaf development in May 
when the normal monthly mean temperature is about 56° F. instead of 
oeeurriiif:** largely in June wlien the normal monthly mean is about 66° F. 
in this area. 

The relation betweeen the date of bloom and the average temi.)eraturc 
:i‘or the 30 days alter petal fall was measured by computing the correlation 

TAIMjK 1. —Mean tenepcralarm of various jicruais in relation to the petal-fall stage 
in S years nj heavy )p lloivs symptoms ami in 17 years of lighter symploms for the ^5 
years of llKl 1 to 1915 




M e a n te in pera t n rc, 
degrees F. 



7’cii (Imv |»cri(>3 

8 

years, 

benvy 

Tellew.s 

17 

year.s, 

light 

yellows 

T' 

Odds 

0- 0 (layj^ 

Ijoforc fall 

51.99 

59.29 

5.74 

19 to 1 

1-10 dnv’s 

after itctal fall 

55.5.5 

02.85 

11.01 

99 to 1 

1 T -go 

(](. 

58. S9 

05.02 

14.32 

99 to 1 

21-;!0 

(](» 

03.84 

08.02 

13.78 

99 to 1 

:;i-40 

(1(. 

04.05 

09.49 

5.9S 

19 to 1 

lo licpiro lo 10 

55.19 

01.08 

7.71 

into! 

1-gO (j;iv.s 

aft(n' petal fall 

57.PJ 

04.25 

20.78 

99 to 1 


do 

59.3g 

t55.08 

33.01 

99 to 1 


between tln^ number of days after A]»ri] 10 when the bloom began with the 
mean tempcn-atiire of this 30-day j>eriod after tlie ])etal-fall stage. For the 
25 years the coefliideiH of correlation was 0.7^s9. giving odds of 99 to 1 
that tin* t(Mnj)eratuies are correlated with the })]oom date. The regression 
was r 0.31, so that for each day later tlie bloom began the average tem- 
])erature of tln‘ 30-<]ay period ros(‘ three-t(Miths of a degi*ee Fahrenheit. 
The correlation of th<‘ date of the ]R‘tal-fall stage and average tem]>erature 
for the following 30 days also was computed. 33ie correlation (*oefficient 
was highly signifitaint ( 0.732) and tlie regivssiou value ot -!-0.30 again 
showi'ii a ris(‘ of th]*e(‘-tenths of a degree for the 30 days after petal fall 
for (‘Hcdi day tlie pet a I-fall stage wais vlelayed. 

While high tem]>eratures in the 30 days following tlie petal-fall stage 
decrease the yellows symjitoms, higher than normal temt>eratures in March 
and April tend to inci*ease the yellows symtitoms whicli appear later in the 
orchard. This a]iparent contradiction is due to the fact that high tempera¬ 
tures early in the season cause an earlier bloom and this earlier bloom is 
followed in most years l>y lower temj^eratiires after the jietal-fall stage and 
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a eonsequent greater maiiifestatioii of ydlows symptoms. This is shown 
b>- a highly sijrnifieant eorrelatioii of the mean temperature for March and 
April witli tlie date of the petal-fall stage. The correlation coefficient for 
the 25 >'ears is - 0.7684 and the regression value - 2.01 days. For each 
increase of 1 degree in the mean temperature the petal fall occurs 2 days 
earlier. The monthly mean temperatures for MarcOi, A])ril, May, and June 
fo]* the years of heavy and light yellows are in table 2. Tlie increase in the 
mean temperature for March in the years ot* heavy yellows is not quite enougii 
for odds of 19 to 1. The F value is 4.26 when 4.28 is required for these odds. 
The increase in the mean temperature for April in tlie years of heavy yellows 
is highly significant as shown by the ^ value of 15.74, well over tlie value 
required for odds of 99 to 1. No significant differences occur in the mean 
temperatures for May and June between tlie years of heavy yellows and 
those of liglit symptoms. 

TABLE 2.— Mean month!if fi.mpirn1nrrs far the S yearH of iteary ycUoien and iho 
17 years of lighter symptoms 


dtgnM's F. 


Month 8 17 F Oddsa 

year.s. years, 

lioavy light 

yellows yellows 

Mareh . 30.7 ;}3.r> 4.20 ii.s. 

April . 48.2 43.3 ’ 15.74 to I 

May . 57.2 50.9 ii.s. 

June . ()0.4 07.3 ii.s. 


a n.s. indicates no sigiulicance. 

The possible additional effects of tiu* prevailing temperatures during 
the time the .vellows symptoms appear, on tlie severity of the ('X|>r{‘ssioii of 
symptoms was investigated. The mean tciii}>eratures of lO-day jieriods in 
relation to the date ol first ai>pearance of tin* yellows weri* comjnited for 
the 8 years ot most severe yellows ami for 14 years when the yellows 
symptoms were less pi*ominent. In thi’ce years of light >’ellows the date of 
first appearan(*e was not recorded. TJiese mean temiieratures, in relation 
to the time of appearance of yellows syuqitoms, are given in table 3. 

1 lie only^ iieriod in wliich the tempei*atnres sIioav a ])i*obable signifi(‘aiit 
difference is the lO-day period just preceding the appearance of yellows. 
This period is approximately tlie same as tiie 21-~3()-dav [xn-iod after petal 
fall (Table 1). 

The 10-, 20-, or JO-day pei'iods after yellow's synqitoms first ayipear show 
no significant differences in temperatin*es for years of lu^avy and light yel- 
low^s. These data, indicate that tJie prevailing terniieratiires dnring tlu* 
time of appearanee of yellows symptoms do not api>i*eciably afTeet the 
magnitude of these s>'m|)toms. 
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TABLE 3.— Mean temperatures of various periods in relatiou to the first appearance 
of yeUows symptoms for S years of severe and for U years of light yellou's 


Mcan temperature, 
<legrces F. 


3’cu day jxTiod 8 

years, 

hca\7’ 

yellows 

()- M (lays b(d’ore 1st ydlows (>3.90 
1--10 (kiys after 1st yc‘llows (58.42 


11-20 

do 

72.81 

21-30 

do 

72.62 

1-20 

do 

70.64 

1-30 

do 

71.31 


14 

years, 

light 

yellows 

F 

Oddsa 

69.38 

7.2 

19 to 1 

70.46 

2.8 

11.s. 

72.20 

<1.0 

do 

72.70 

< 1.0 

do 

71.31 

<1.0 

do 

71.78 

< 1.0 

do 


“ n.s. iiulicatcs no siguifieaiu c. 

T]i(‘ possibility that the ainouiit. of pre(*i})itation niijylit influence the 
apixfaranee of yi'llows syniptoius also was investijLiated. The total precipi¬ 
tation for fJanuary. Fcbrnary, March, and A])ril did not differ sijjrnificantly 
for the velars of lieavy and of light yellows as shown by an F value of only 
1.2. Tlie total prec^ipitation was eornpiitixl for all the periods used in the 
tempc'ratun* studies in relation to the petal-fall stage (Table 1), and to the 
time of ap|>earanee of synrptoins (Table 3). No consistent increases or 
deereas(*s in preci|)ilati()n occiicred in tlie years of heavy yellows as com¬ 
pared witii the years of liglit or moderate y(*llows, and in no period did the 
diiTer(‘n(*e in precipitation ai)]rroach even probable significance. It appears 
that no nn*asurable effi'ct on tin* ex]>ression of yellows in the 25 years was 
tlie result of variations in pi’Ccipitation. 

eoxcLUsiox.s 

The ('hief factor determining the expression of virus yellows in the 
orchard in any given season is tlie prevailing temiierature during the 30-day 
period following the ])etal-fall stage. The eft'eet of early bloom in increasing 
tlie exfiression of yellows symptoms is due to the lower temperatures nor¬ 
mally following such an early bloom. The ])revailing temperatures after 
yellows symptoms first appear do not affect the degree of these symptoms. 
Tile amount of ])reci}>itation in any season does not appear to affect the 
severity of yellows symptoms. The ineidenee of cherry leaf spot also does 
not appear to infliienee the appearance of yellows symptoms. 

Sin(*e prevailing temperatures following the petal-fall stage cause a 
great variation in tlie apparent amount of virus yellows present in an 
orehard from year to year, it appears tliat no data observed to date, ba.sed 
on the apparent ineidenee of yellows in two different years, prove or dis¬ 
prove spread of the (dierry-yellows virus after the trees are set in the 
oreiiard. 

Department of Plant Pathology, 

Cornell ITniversitv. 
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MOSAICS OF WINTER OATS INDUCED BY SOIL-BORNE VIRUSES 


II . JI . ]Vr O K I N N K Y i 

(Accojitcd for jmlilicntion Jimiinry 30, IIMG ) 

IKTKODI'CTIOK 

ill 194^], th<* writer received diseased wiiiter-<>ro\vii Quincy lied oat 
plants tliat had becMi sent to the Departirient by J. L. Seal, Patholojrist at 
the Alabama AfrricultMral Experiment Station. These ])Jaiits were ap- 
jiroachinir maturity and were d(*ad when received, but the leaf* svmptoms 
were suji^^estiN'e of mosaic. Anotlier lot of diseased plants was submitted 
by Dr. Seal and inoculations were made into oats, wheat, and corn. The 
results were neoati\'e. in the late sjiring of 1944, Seal sid)mitted diseased 
plants again. These were transplant(*d, but they were not thrifty. The 
symptoms were unmistakably typical mosaic. However, attempts to effect 
a transmission failed. In the spring of 1944 II. E. Atkinson of the Emer¬ 
gency IMant I)iseas(‘ Survey, of tlie Bureau of Plant Industry, Soils, and 
Agricultural EngivuMn-ing, s(*nt winter oat plants to Beltsville, Md., from 
South (Carolina and later the writer collected mosaic plants from points in 
Xortli Carolina and South ('arolina. All of these collections were potted 
and cultured in a greenhoust*. Although the symptoms were charaeteristi(* 
of mosaic, all attempts to traiismit a virus again met with failure. 

(In a basis of the.se failures, it was conchided that tlie viruses of Brome 
mosaic [MarnKfr (/rantnn's' .M(d\.)" and of the wheat streak mosaics (M. 
nrfjatani ^IcK.),“ which infect oats, corn, and wheat at summer tempera¬ 
tures. irrobably were not the causes. Ade(piate facilities for obtaining low- 
temperatui’e ciiltuj’c conditions were not available for testing’ inoculations 
at temperatures neai* bO and (>5 ' F,, the optimum range for the soil-borne 
viruses infecting wheat. 


DISTinm TIOX. HIXM KKEXeE, AND IMPOKTAXCE 

(lat mosaic has appeared in four successive seasons on the same land in 
a limited area at Auburn. Ala., and in two .successive years on the same land 
at Ilartsville and Clmnson, S. (\, and Statesville, N. C. 

T Sunior P;itlu)I()gist, l>ivisiDU of Cereal Crops and Diseases, liurean of Plant Indium 
try. Soils, and AgriiMiltural fhigiueering, Agrieidtural Keseareh Adniiniatration, United 
Stall's Departnient of ,\grieultnre. 

'fin* author is indebted to yiatthew Koerner for assisting in eondiicting the tests: 
to .1. L. Sf.'il and T. 11. Kogers of the Alabama Agrieultnral Experiment Station; R. P. 
liledsoe of the <_ieorgia. Agrieultnral Experiment Station; 0. IE Armstrong and W. IE 
I*ad(‘ii of tlu‘ South ("arolina Agricultural Experiment Station; (E K. Middleton of the 
Vonh Carolina. Agrieultural Ex|>eriment Station; J. W. Hendricks of the North Carolina 
Department of Agrieulture and to (\)ker-s Pedigroeil Seed Co., Hart.sville, South Carolina, 
for supplying seed, infested soil, plant materials, and other facilities. IMost of the seed 
used in the tests was providi-d by T. IE Stanton, Senior Agronomist in charge of oat 
investigations, of this IVivision. 

- Melvinnev. ,11. 11. Di'scriptions and revisions of several species of viruses in the 
genera NE-irmor, Eractilinea, and Calla. Jonr. Washington Acad. Sci. 34: 322-329. 1944. 
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Diiriii}j: the season of 1944, E. E. Atkinson made a survey in many fields 
of oats in the Carolinas, and in his rei)ort,'^ he indieates the presence of oat 
mosaic in 9 comities in North Carolina and in 10 counties in South Carolina. 

Durinjj^ the season of 1945, tlie Avriter examined many oat fields in South 
Carolina, and found mosaic in Pickens and l)arlin<;ton Counties. Durini*- 
the same season, A. E. I'rince of the Einerj^ency Plant Disease Survey made 
a survey of oat fields in the Carolinas and found oat mosaic in Oconee, 
Pickens, and Darlinpiton (^■ounties in South C'arolina and in Iredell County, 
North Carolina. 

The disease was more severe in 1944 than in 1945. Susceptible vai-ieties 
such as Letoria (C.l. 3392), Bond (C.T. l733). Camellia (C.l. 4079), and 
Victoria (C.l. 2401) were "reatly retarded and severely damaj^ed in 1944. 
whereas in 1945 these varieties showed much less damage, even though 
infected. 

As in the wheat mosaics, seasonal conditions, es]iecially temperature, 
appear to influence the amount of damage caused hy oat mosaic. Under 
suitable conditions tlie disease is capable of causing 8(‘vere damage to certain 
varieties. It appeal's tliat control can be effected through resistant lines 
and varieties. 

SCJtEAD OP OzVT .AlOSAIC 

By soil 

Soils in which mosaic oats had grown ^^^‘l*e collected at Auburn, .\la., 
and Statesville, N. C., tiansported to Beltsville, .Aid., and iilaced in separate 
Avooden bins, located out ot‘ doors. The bins were 48 inches long, 12 indies 
Avide, and 12 inches deep. Similar bins placed uearb\' were filled with non¬ 
mosaic soil from Beltsville to serve as controls. 

On October 6,1944, seed of Letoria (C.L 3392), loua Winter Sel. 8 (C.L 
4467), and Victoria HainboAv AM. 4191) oats were sown in the bins. 

On November 25, 40 days after seeding, sanijilcs oi’ plants Avere removed 
from the bins. These seedlings and roots wen* thoroughly washed and disin¬ 
fected in a solution of 1 part mercuric chloride in 999 jiarts of Avater. Alter 
this treatment, the seedlings Avere transplanted to steamed, fertile ]>otting 
soil and then groAAii in a greenhouse eontrolled for 65 F. 

(3n December 1, four of tluj |)lants removed Irom tlie soils obtained at 
Auburn, Ala., and Statesville, N. C., shoAved mosaie. No mosaic a|)peared 
ill plants removed from the Beltsville soil (Fig. 1). 

On December 9, the bins of infested and noninfi'sted soils Avith the re¬ 
maining plants, Avere brought into the greeiihou.se (65'" F.). A foAv of 
the plants had a faint mottling at this time, and Asltliin 10 days mosaic Avas 
very evident in all of the plants in the Auburn and Statesville soils, Avhert*as 
all plants growing in Beltsville soil remained perfectly healthy. Subse¬ 
quent tests indicate that 60° is more favorable than 65° F. for inducing 
mosaic from the soil, but 65° has been more favorable for the full expression 

3 Atkinson, E. E. A now mosaic chlorosis of oats in the C’arolinas. V. S. Dent. Alo-. 
Plant Dis. Eeptr. 29: 86-89. 1945. ^ ’ 
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ot syinptoins. The results of these tests demonstrate that the oat-niosaie- 
inducinj^’ a^ent is ass(»oiated in some way with the soil, and that the a«ent 
overseasons in the soil. 

AVlieats known to be hi^i^^ljly susceptible to the soil-borne wheat mosaic 
\’iruses, Marnior inf id H, einend ^Ntclv./ failed to develop mosaic when sown 



Fk;. 1. Oat plants of tlio hybrid Yirtoria x Kaiiibow. All plants grown concur 
rfiitly out of doors for 40 days during the autumn, and in a, greenhouse during the winter 
at Beltsvilh', Md. Phot()gra|died 7(5 days after seeding, 36 days after trans])lanting. 
i^eft; healtliy plants cultured in held soil that does not induce mosaic. Right: diseased 
plants cultured in lield soil in which uiosaic oat plants had grown the previous crop 
season, then transplantt‘d tt) stoaineil greenhouse soil. These plants had mosaic mottling. 

At time of transphiiiting, tin* underground parts of both lots of plants were washed 
thoroughly, placed in a I :100U solution of mercuric chloride in water for 16 minutes, and 
transplanted without rinsing in water. 

in soil earryino* tlic odt-mosaic iigents at State.sville, N. C., (-lemson, S, C.. 
llartsville, S. (A, atul Auburn, Ala., Avhile adjacent rows of oats dcveloxied 
high jRn’centages of mosaic. Varieties of winter oats now known to be 
su.s(ie{)tible to tlie oat mosaies under diseussion have failed to develop mosaic 
Avhen sown in soil carrying Avheat-mosaie Aurnscs at Arlington Experimental 
Farm, Yn,, and near Marshall, Ill. Winter oats have been tested in soils 
■* 8e(‘ footnote 2. 
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infested witli wheat-niosaie viruses at several other i>oiiits farther north in 
Illinois and at Lafayette, Indiana, but winter survival was always low or 
nil. Mosaie has never been observed in any surviving’ oat plants in these 
tests.^ 


1 


\ 



FlO. 2. liCtorin, o.'it j»l;inl.s in»ntiaiiHZiiissioii of mosaic throu^fh socd froin 

mosaic plants. licft : typical plant from seed of mosaic plants cultnred in non mosaic- 
inducing Soil. Center: 1 epical ])lant from secal from mosair-free plants. Itigfit: ty]rical 
diseased plant, .stunted l»v mosaic, from seed of mosaic frei* jVIants ('ultiir«.*d in field soil 
ill wliicdi mosaic oat plants had grown the preyians crop season. 

Tests with Seed from Diseased Plaids 

Seed of the varieties, Letoria (('.I. Victoria x Uainbow (('.I. 4191), 

and Iowa Winter Sel. 8 (C.I. 4467) was eonecled froin field-f'rown plants 

6 Cooperative tests with Beiij. Koehli-i- ju.d Italpli M. Ciihlwell ot tlie Illinois oml the 
Purdue Agricultural Kxiieriment Stations, respeetivel.y. 
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liaviiij 2 : severe iiiosaie syiiiptoiiis. In tlie autuiiin of 1944 these Jots were 
sown outdoors in bins oi nonniosaie soil at Beltsviile, Md. Eacli lot of seed 
was sown at tlie rate oJ 1 };ram per foot in 1 row 48 inches lon<»’. The stands 
were excellent and remained so durinjr the test. On December 9 these bins 
were removed to a j^reenhoiise controlled near (15^ F. The plants were 
thriity and remained completely free of mosaic tlirougliout their life (Fi»*. 
2). Thron^rhoiit tlie test, these plants we]*e Jiear the mosaic plants jirowinj^* 
in the infested soils. 


IN(>C lJLATroN TESTS 

In Anf?ust, 1944, soil from an oat-mosaic infested plot at Anburn, Ala., 
was })Janted to Letoria oats at Beltsviile, Maryland. Culture Avas in b-inch 
earthen jrreenhouse pots in a chamber controlled near 60^ F. On October 
19, the pots and plants were transferred to a ^reenliouse in which the tem- 
peratnre was bo F. during’ the nijrht and overt*ast days. On Xovember b, 
mosaic was evident in most of the plants. On November 14, 74 healthy 
youn^‘ seedlings of L(doria oats in 2-3-leaf static were inoculated with an 
extrac't made from finely |nil|)ed leaf and sheath tissue from the mosaic 
l»lants. The tissue was pulped with <piartz sand in a mortar, with sufficient 
water to make inoculum the consistency of a thick porridi^e. Carborundum 
powder (bOO-jirain) was added to tlie inoculum. Thumb and forefin«rer 
\ver(‘ dij)|)ed in this mixture and used to wipt* tlie leaves of tie* seedlings, and 
tlic rrsi(lii(‘ was rinsed off with water. 

>\rter imxuilation the plants Avere cultured at bO-bn" F. Tlie first signs 
of* mosai(' appcai'<‘d 13 da\*s after iiiocnlatioii. Of the 74 seedlings inocu¬ 
lated, 17, or nearly 23 pei’ cent, developed mosaic. 

A total of 3,273 oat plants have been inoeulated Avith extracts from 
mosaii' oat |)lants, and f)72 plants (29.7 per cent) became infected. Single 
sonri'es liav(‘ been snl)transferre<l smx'essfully to oats as many as 3 times. 

The early faiiui'cs to transmit oat mosaics are attributed largely to the 
fa(‘t that siiitabh^ temperatures were not available for the culture of the 
seedlings l)<’for(‘ and after inoculation. Wlien cultured at temperatures 
much al)ove bO F., th(‘ le<iv(‘s of oat seedlings are A'ery tender and subject 
to sev(*re injury fi’om tlie inoculation tcidinic. Such injuries tend to inter¬ 
fere Avith increase and movement of the Aurus. 

(If 40 iiHX'ulation tt'sts made since thetii*st successful inoenlation, 3 tests 
ha\'e failed comjiletely. and only one has giAcn 100 ]>er cent inieetion, Avith 
11 plants in that test. IMins far, these oat-mosaie virnses have lieen mueli 
more difficult to transmit manually than the soil-borne Avheat-mosaie virnses. 

(iENEKAL SV.AIFTOAIS IN FEANTS INFECTED FROM SOIL 

The first signs of oat mosaic in tlie field appear as soon as the plants start 
groAvtii in the sj)]*ing. In 194t>, at Auburn, Ala., tlie first signs aacic exiderit 
tlie second Aveek in January, and at Statesville, X. ( they AAere just appear¬ 
ing tin* first Aveek in ]\Iareh. 
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Tlie leaves manifest ehlorotie streaks, spots, and patches. Dependinj*’ on 
tlie variety of oats and the seasonal conditions, the clilorosis ranges from a 
very faint light green to yellow or ashen gray. The i)atterns and their i)er- 
sistence vary someAvliat with the oat variety, the seasonal conditions, and the 
predominating tyi)e of virus. In 1944, tlie chlorosis was generally more 
severe and more persistent; also tliere was more stunting of plants than was 
the case in 1945. 

In Letoria and Victoria x Rainbow, the two varieties studied thus far, 
the symptoms were most severe at 60 to 65° P., 65° being slightly mor(‘ 
favorable for chlorosis than 60°. As the temperatures reached 70° F. and 
above, the new leaves had weak symptoms none at all. However, assays 
on such plants revealed virus in flag leaves that had no visible signs of 
mosaic. 

Mosaic plants growing in pots in the greenhouse and out of doors during 
the spring showed marked fluctuations in the expression of mosaic in grow¬ 
ing leaves with changes in temperature. During cool periods tlie symptoms 
were much more evident than during warm periods. 

In the field, several varieties of oats such as Appier (C.I. 1815) manifest 
extremely mild, light-green mottling and sometimes none. A few liybrids, 
Palestine X Dawn (C.I. 4230) and two sister hybrids Lee x (Bond-Iogold) 
C.I. 4212 and C.I. 42.14, developed rosette symptoms in portions of the 
I)opnlations, 


SYMPTOMS INDl'C LD BY TWO ISOLATES FKOM 1)ISI;:ASED PLANTS 

Owing to the difficulty of effecting maiinal transmission, symiitom reac¬ 
tions are the only properties of the virus isolates that liave been studied. 

A picul-mosaic Virus 

The isolate here described originated from an oat plant growing in virus- 
infested soil coileeted on the Piedmont Branch Experiment Station, Stat(‘s- 
ville. North Carolina. 

In Letoria and Victoria x Rainbow oats, the symptoms range from light 
green to yellow narrow lines to typical grass-mosaic type of mottling and 
bloti'hing. The chlorotic patterns tend to be confined to \hc top 1 to 
lea^TS oi tin* plants, and the patterns tend to be massed towards tin* distal 
portion of the leaf as illustrated in figure 3. The emerging leaf commonly 
lias the strongest cldorosis, and usually this is in the form of sliort broken 
lines. At 65° F., the severity of the chlorosis gradually reduces with the 
developmejit of the leaf, and may disappear com])letely, tending to disaj)- 
pear last from the distal region of the leaf. Ilovever, sometimes tijis of 
these leaves have become completely cldorotic prematurely when tlie plants 
were tiansfe/Ted to 80° F. When high temperatures continued, the new 
foliage failed to show signs of the disease, lJp])er leaf sheaths sometimes 
manifest mottling for a few days at cool temperatures. 

Apical mosaic seems to be the predominating oat mosaic in all of the 
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areas that liave been under the writer’s observation in the CJarolinas, 
Georgia, and Alabama, and some isolates have induced extremely mild 
chlorosis in eomi)arison with the type virus. 

Eyeapat-mosaic Virus 

Tu 1944, eyespot symptoms were noted in all of the mosaic oat fields 
observed by the writer, but tliey were eomplii'ateil with the symptoms of the 
chlorotic lines and mottling' of apical mosaic. In 1945, very little of the 
eyespot reaction was evident, but some was observed in all of the experi¬ 
mental plats. 

The isolate here described originated fro4 a plant growing in the virus- 
infested soil colleided at Auburn, Ala. In Letoria and V’ictoria x Rainbow 
oats the fusiform spots or eyespots are essentially comparable with the I'ings 
associated with many mosaics of di(‘otyledonous species. TJie linear ar¬ 
rangement of the main vascular elements in the grasses doubtless accounts 
for the fusiform or s})indle shape of tliese spots. The bord(‘rs of the (\ve- 
spots and otlier chlorotic areas fre(]uently become asben gray, due to the 
loss of the vi'lhnv pigments, and tfie centers of the eyespots t(*nd to remain 
green until the noi'inal green portions of tlie leaf become chlorotic. Tin* 
spots ai*e most lu'onounced in leaves that have completed or nearly com- 
l)leted their growth ; and in th(‘ younger leaves the spotting is more evid(*nt 
in tlie oldei* or distal ]iortion than it is in the proximal portioin Mottling 
sometimes appears on the leaf sheaths. ])ut tliis has been less common with 
this virus than it has been with tlie apical mosaic virus. Anthocyanins 
sometimes develop (aiusing red and ])urple patterns. Senility is liasten(‘d in 
the diseased leaves. Mosaic leaves of Letoria are illustrated in figure 4. 

The observations made to date .Migg(*st tliat the eyespot virus continues 
to iinade the leaf tissues for a longer peric,d than does the apical-mosaic 
virus. Also, the eyes])oi symptoms tend to be persistent in tbe heaves, 
whereas tlie symptoms of the apical mosaic arc very transitory and are 
seldom evident in tln^ older leaves of tlie two oat v arieties studied. Gn liu* 
other liand, as the greenhouse teni})eratures rose in the spring, it was (»b- 
served that the eyesjiot mosai'* faile<i to appt*ar in the new leav(*s soonci* 
than the apical mosaic. 

XOMENCLATl KE OF THE VIUrSES 

Mannar terrestre sj). iiov. 

Specific name from Latin irrrrsfris, adj., of the earth, I'cfcrring to the 
association of tiie species with soil. 

Host reaetwns: In Avena sntiva 1... and .1. hyzautiua C. Koch, indu(*(‘s 
chlorotii* mottling, streaking, or spotting in varying degi-ees from mild to 
severe. Trhieum aesfirum L., has failed to expi'ess mosaic in the field when 
sown in soil infested -with Mannar trrresire, but when inoculated manually 
with the type variety of the virus, 2 out of 50 inoculated jilants of Miidiigan 
Amber wdieat expressed mosaic. Z<a mays L., ajijiears to be immune. 
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Transmission: By iiioeiilation with expressed juice, using the carbo- 
ruuduin wiping method, but Avitli difficulty. Tlie ineubation jieriod has 
ranged from 11 to 70 days. This species overseasons in the soil. Infec¬ 
tion from the soil has occurred within 35 to 60 days after seeding wlien 
plants were cultured out of doors during the autumn and early winter at 
Beltsville, Md. Mosaic symptoms were expressed when the infected plants 
'were transferred to a greenhouse with the temperature near 65° F. In 
culture chambers, 60° has been more favorable than 65° F., for infection 
from the soil, but 65° has been more favorable for the expi*ession of mosaic. 

i¥armor terrcstrc, var. typicum, var. nov. f 

Common name: Oat apical-mosaic virus. 

Host reactions: In Avena spp., agronomic varieties Letoria and \\c- 
toria X Rainbow, cultured at 60°~65° F., the virus induces light-green to 
yellow dashes and streaks parallelling tlie long axis of the leaf, and some¬ 
times chlorotic mottling, ddorotic patt(*rns usually most evident in or 
near the apical portions of the three upper leaves, tending to fade as the 
leaves develop. xVs temperatures reach 75° F., and above, the symptoms 
become weak and fail to appear in tlH‘ new foliage. Mosaic leav(‘s ar(' illus¬ 
trated in figure 3. 

Marmor terr*cstre var. oculatum, var. now 

Common name: Oat eyespot mosaic. 

Varietal name from Latin, adj., eyed, with eye-like mai'ks. 

Host reactions: In Arena spp., agronomi(‘ varieties Letoria and \dc- 
toria X Rainbow, cultured at 6()°~65° F , virus imhices clilorotic spots and 
diffuse chlorotic jiatches. The ch "ract(*ristie (yespots are fusilorm ni: 
spindle shaped with light-green to ashen-gray bo]*ders and grcMUi centtus. 
They are most pronounced in leaves that have coniplct(*d or nearly rom- 
pleted their growth. In the younger leaves the s|>otting is most evidcjit in 
the older portions. Mosaic leaves are illustrated in figure 4. 


SUMMARY 

1. Two mosaics of v/intcr oats occur in limited areas in tln^ ('ar<tlinas. 
Oeorgia, and Alabama. 

2. Manual transmission Ims been cffectetl by the earborvin(luni-wipe 
method, but with difficulty. 

3. The viruses overseason in i1h> soil. 

4. The^viruses have not inf<‘cted wheat in the field, and only oin* lias 
infected wheat slightly when inoculated manually. None liave infected 
corn. 

5. Temperatures near 60° F. for 35 to 60 days seem to be in^ar the 
optimum for infection through tlie s(hl, but 65° I\ seems to b(‘ near tlie 
f>ptirmini for the best expression of clilorosis. A temiierature of 65° F. has 
been rather favorable for infeetion from manual iiuxuilations, and 60° F. 



McIvINNLOY: SOIL-BORXK VIRUSES OF ( )ATS 


369 


seems to be near the optininm for eultnring' the seedlings previous to inoeu- 
iation. 

6. The disease caused greater damage to the infected jilants in 1944 than 
in 1945. although the amount of infe(‘tion seemed to be just as great in 1945. 
Temperatures were unusually high early in tlie spring of 1945, which may 
a ('Count for the reduced damage. 

Pl vxt Industry Station, 

B ELTS VILLE, 11 A R YL AND. 



POWDERY MILDEW OF BROAD BEAN CAUSED BY ERYSIPHE 
POLYGONl DC. IX YUXXAX, CHINA^ 

T. F. Yu 

for pul>licatioii .laiiiiary 3U, 114()) 

Powdery mildew ol‘ bi*oad bean (Vida faba Ij.) eaused by Erffstphc 
polif(joni DC. was first eolleeted by the writer on broad bean in Hnidi, 
AS/eehwan, in t\w s]n*in.u' of Since then it lias been tonnd in many 

places in southwestern Cliina, particularly In Yunnan (7), where the dis¬ 
ease is widely distributed and lias caustMl damajic for several years iji sr)me 
of the bean-«Towinji* sections. This pa})er ])resents tlie results of threi* 
years’ work on the disease, which, so far as the writer is aware, does not 
occur, or at least lias not been r(‘ported yet in the other imjiortaiit liean- 
growinji: regions of China. 

DISTIUBI TIOX AND E(’ON()MlC 1 MI*()RTAN(’K 

In Yunnan I'roviiK'C, the disease is of variable importance in <lilft‘reut 
localities. In the northern bean-growing sections, the disease has devel¬ 
oped too late in the season to cause appreciabh' loss; wliile in th(‘ south 
it is usualh^ present each season and may cause conspicuous blight of stem 
tips and prematurity of the young pods. In general, the disease is not 
of great economic importance. 


sy:mitoms 

The disease occurs in early sjiiung when the flowering buds have ap¬ 
peared. After a few leaves become covei‘ed with mildew, a g(‘nei*al iut‘e»'- 
tion may occur in the Avhoie jilant within a week under favorable conditiouN. 

Small, white, iiowdery spots appear on the leaves, enlarge rajiidly. 
coalesce to form large areas, and finally covi'r the entii’c leaf. Both the 
upper and lower surfat'cs of the leaves may bei'onu^ infect(‘d. When very 
young leaves are attai'ked, they become stunted before attaining one-half 
their normal size. They usually remain folded longitudinall\’ and at the 
sanre time become abnormally thickened. As the dist'ase progresses, these 
young to]) leaves IxHome discoloi-ed and withered, which results in a blight 
of stem tips. When old leaves become infected, thei*e is no malfoi*niatioii 
of the tissues. On infected leaves, both young and old, laaldish spots or 
lesions frcnjiiently o(‘cur in addition to the characteristic suj)erficial wliitr* 
growth of the fungus. 

After the foliage is infected, young stems and jxdioles become infect(*d. 
The copious or scant white powdeny fungus covers the affected parts and 
red lesions are common. Old stems, however, are oidy rarely infected. 

ip.ipor No. 30 from Division uf PJaiit J»;itli(»logy, liistitulc of Agricultural Km-arrh, 
Tshig Hua Uiiivau’sity, Kunming, Cliina. 

Tlio writer is indebted to Profc.ssor F. L. Tai for reading over the niaiiuserijit. 

aro 
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1 ods are IrequeiitJy attacked throiitrhout the growin;^ period of the plant. 
On old pods, the fungus prodne(*s red spots or lesions with or without inaero- 
seopie niyeelial growth. \ onn<»- pods, on the other hand, may be severely 
attacked and they become deformed or ripen prematvirely. 

In the field, tlie yonnji leaves are stunted and deformed, affected stem 
tips are either stunted oi* killed ba(*k. and i)ods may be lacking* or may ripen 
prematurely. 

INOCXn.ATIONS 

Potted greejdiouse i)lants were imunilated. They were first atomized 
with a fiiK* spray of Avater, tlien sxnall portions of a young stem bearing a 
few diseased leaves were laid on, and in contact with, the healthy leaves. 
Inoculated ]>lants Avere k(*pt in a moist ehamber for 24 to 48 hours. Notes 
Avere taken when the develo})ment (d* the disease had reached its maximum 
stage, usually 7 to 14 days after inoculation. 

In March, 1940, four broad beau plants were i)K)culated Avith conidia 
taken from broad beans. Eight days later, all were infecled. In another 
experiment, mildew appeared on 8 of 11 plants 10 days after inoculation. 
In still amdher expei iiuenl, 24 <)f 25 ]>lants Avere infected. Numerous other 
inoculations avci'c made during subseejuent years. Only in rare cases, did 
the fungus fail to infect the b(*au ]dants. 

Tlie symptoms on tiie inoculated pbnits Avere somcAA’liat A^ariable at dif¬ 
ferent tilings of the year. In general, the disease* first ap])eared as grayish 
Avhite ])()wdery sjjots Avhi(*h soon covered tlie entire leaf surface. In certain 
instances, development of the fungus Avas rather meager, and it formed only 
a very thin layer of mycelium just visible to the naked eye. In this case, 
I'cd lesions wei*e freijuent underneath or marginal to the mycelium. Oi'ca- 
sionally, only small red s])ots Avere seen on tlie inoculated plants. Young 
leaves might be killed during the later stages of the disease. 


(ArsAL Fr\Grs 

]^)Avdery mildcAv of broad bean in Yunnan is caused by Erifsiphe 
jxfiygotii DO. 

Conidia are borne singly or in short, 2-spore chains on the conidiophores. 
Tlu'y are ovate to oblong aa ith round ends, aA crage 98.2 \i long by 19.1 p Avide, 
and vary fi-om 27.9 to 47.0 p long and from 12.2 to 22.6 ji Avide. Conidio* 
jihores measure 20.4 t(^ 68 yi by 6.8 to 8.5 and are composed of 2 to 4 cells. 

Perithecia are dark broAvn, globose, and .scattered on the mycelium. They 
are 79.9 to 119 n in diameter, with an average of 98.6 q. A])pendages are 
rudinH‘ntary, short and broAAii, mostly 40 to 48 fi long and 6 to 8 (.i Avide. 
Asci, A’arying from 4 to 8, art* oA’ate to broad oA’ate and are from 30 to 62.6 p 
in length and from 22.6 to 41.8 [i in Avidth, Avith an average of 50.9 by 31 q. 
Ascospores, 3 to 8, are ovate or longer, broadest in the middle, average 19.5 
by 12 [I, and range from 13.9 to 24.4 by 10.4 to 15./ p. 

(k>nidia germinate in a Avitle rangt* of tenpxerature, from 16 to 28 ( 

Avitliin 48 hours. Hoavca er, they germinate best betAveen 20° and 24° C. 
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A liigli relatiA'e linmidity is essential for the germination oi‘ conidia. 
Fresli spores, placed on dry glass slides in containers with different per¬ 
centages of relative liuniidit>’ and incubated at favorable temperatiires, ger¬ 
minate only when the hiiniidity is maintained at 90 per cent or above. Very 
fcM' spores germinate when they are in drops of water. Conidia are gen- 
erally short-lived. Under the conditions of the present investigation, they 
Avere Auable only 2 or 3 days in the laboi*atory. 

RELATION OF WEATHER TO DISEASE DEVELOPMENT 

The develo])ment of })()wdery mildcAV may be correlated with weather con¬ 
ditions in Yunnan, because the disease occfirs every year on broad bean in 
the southern part of the Province, but seldom aipiears in the northern part 
exce])t on late crops of beans. 

Tn Ynnnan, a dry and a wet season occur every year. Koiighh^ speaking, 
the dry seasoji lasts 7 months, from the middle of October to the first part 
of June. It is in tiiis dry .season that broad beans are grown. In the 
sontliern ])art of the Province the croiAs are generally harvested between the 
end of March and the first part of May, while in the north the harvesting 
is one to one and a half months later. It is es|)ecial1y dry from December 
to April. I'lie av^ei-age monthly pi*ecipitalioii throughout this period seldom 
exceeds 70 mm. in almost all the bean-gj-owing regions. There is, however, 
Avide variation betAveen day and night temperatures A\’hi(di brings on a 
I’cgular dew formation that favors infection and the (‘.stablishrnent of the 
mildcAv organism. Apparently, humidity is not the factor that Avill limit 
the occurrence of the disease in ail of these bean-growing regions. 

The air temperatures in the different regions are, on tlie other hand, ex¬ 
tremely variable according to the elevation as well as the latitude. Studies, 
surveys, and observations in 1940, and subseepumt years, have demonstrated 
a correlation betAveen air temj)eratnre and the occurrence of the disease. 
As sliOAvn in table 1, powder.v inildeAv Avas observed early in February at 
Kai-yuen. At that time, the aAerage monthly air tempen-ature w^is 20.4° C. 
In Chengkiang and Tsn-hsiun, diseased beans Avere found in April, Avhen 
the average air temperatures Avere, re.spectively, 21.7° and 21.4° C. At Ta-li 
and Kunming, lioAveATi*, Avhere average air temperalvires usually Avere below 

TABLE L— Occurrence of powdery mildew of broad bean ill relation to air tempera¬ 
tures (it five locaUlicG in Yunna?} in .1940 


Month in whicli Average monthly air Umiperature in degrees 

Locality disease was _ _ centigrade 



observed 

Jan. 

Fei). 

Mar. 

A])r. 

May 

J line 

Kai-yuen 

Feb.-Mareh 

20.5 

20.5 

22.4 

22.:i 

23.8 

23.2 

(’herigkiang 

Mareli-April 

14.7 

14.7 

19.1 

21.7 

25.8 

25.3 

7’8u-hsiun 

Mareli-April 

19.2 

19.4 

20.3 

21.4 

22.2 

23.1 

Kuiiniing 

Tai-li 

Ma y-J Illy a 

9.8 

n,.i 

14.2 

18.0 

19.5 

19.6 

May-Julya 

10.7 

11.4 

Iti.l 

18.2 

19.4 

21.7 


On volunteer bean plants left in the field. 
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20° C ,, disease seldom appeared on the i-ejiidar erop but ^vas seen from May 
to fJidy oil voJuiiteer plants left in tiie field or on (*ertain late crops. 

An exiieriment Avas made in the wiiitei* of 1042 to determine the relation 
of air temperature to the development of tlie disease. Younji' stems bearin**’ 
a lew healtljA’ leaves were detaelied from bean plants, inoculated with 
conidia, and iilaced with bas(\s in small flasks oi' water in chambers at dif¬ 
ferent temperatures. At tlie end of three days, vonspi^-uous myeelinin of 
the fuimus was seen on the leaves held at 20° 0. to 24° C. Those held at 
18° ('. or below produced sli^*lit or no inycelium at all during- the 7 days 
of tlie experiment. Although the experiments were iireliminary, the results 
obtained seem to sidistantiate the observations made in the field that a rela¬ 
tively high air temperature during- the sp)*ing- favors the development of 
the disease in \"unuan. 

HOST RANGE AND PIIYSTOLOOlC SPIXTALIZATIOX 

It lias been demonstrated by Salmon (5), Hammerlund (3), Bluiner (1, 
2), Searle (b), and others that Erysiphc po/ifUinn' D( -. em. Salin. comprises 
a large number of j>hysiologic races that (lifter from one another in patho¬ 
genicity'. Ill most cases, eacli rac'e is confined to a single species or to a few 
closely j-elated species of the host and seldom lias j)ower to infeed otlier 
genera. 

Ilanimerlund (3) and Blunuvr (1, 2) indejiendently iiivestigat(Ml the 
specialization of parasitism in Erysiphe poJygoni DC. Hammerlund dis¬ 
tinguished 20 ‘‘form species” of this fungus. Among them, the following 
are found on the leguminous ])lants: f. sp. mf flicayvii.^i^i-satkuje on Medicago 
sativa and 47. falcata; f. sp. niehlofi on three species of Mclilotus; f. S|). Iri^ 
foJii r(p()itis on Trif(dinm r(p('ns: f. sp. hifolii prdfensis on Trifobuin 
prate use and T. tucdiinn; f. s]). ricia-sat irac on Vivta s(rhr(f and other species 
of Vicia: f. sp. pisi on Pisam s((tirum and P. avvensr. 

Blumer (2) divid(*d Eryslplw polyyani DC. em. Salm. into several spe¬ 
cies. Of tlK‘se. Erysiphc pii<i DC. attacks species of Pisaau Dorycniwm, 
Mcdicayo, Lapin us, and Vicia among the Beguminosae. AciMirding to his 
own investigation and the infection (‘xperiments of both Salmon and Ham¬ 
merlund, Blumer set u]) 4 “form species” in Erystidie pist DC.: f. sp. ptsi 
Hammerlund on Pisum sativum; f. sp. mcdicagiuis safivae Hammerlund on 
Mcdicago saliva and M. falcata; f. sp. mcdicaginis Jupulinar Hammerlund 
on Mcdicago lupulina; and f. sp. viciac saliva Hammerlund on Vicia saliva, 
V. sepium and V\ silvatica. Blumer stated that there miglit exist another 
“form species” on the genus Vicia altJiough the speihalization of its para¬ 
sitism was not then clear. Searle (b), early in 1920, studied physiologic 
specialization in Erysiphc polygoui DC. on certain kinds of host ]>lants. He 
showed tliat the fungi on Polygonum, avicularc, Tmfolium pratcusc, and 
Pisufu sativum are distinct physiologic races. In one s(‘ries ol his inoevda- 
tion ex|)(‘riments, coiiidia from Pisum sativum were used to inoculate Pisum 
sativum, Ouohrychis saliva. Vicia faha, and Trifolium prafcusc. His results 
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indicated that conidia from Pisum sativum were unable to infect any of these 
plants; the fungus is said to be specialized on its own host, P. sativum. This 
confirms the fact, already noted by Salmon (5), that Erysiphe polygoni DC. 
on Pisum sativum is a distinct physiologic race and is unable to cause infec¬ 
tion on Vicia faha. 

From these investigations, it is known tliat Erysiphe polygoni DC. on 
Pisum sativum is a physiologic race distinct from the race attacking species 
of Vida, while the Erysiphe polygoni on the different species of Vida prob¬ 
ably comprise a single race. 

On account of the favorable weather conditions, Erysiphe polygoni DC. 
has been observed on a number of different holt plants in this part of China. 
Material was available, therefore, for cross-inoculation experiments w’ith the 
fungi collected from the various Leguininosae. 

Tlie first series of inoculations w^as with conidia from Pisum sativum, 

TABIjE 2.— ('ross-inoculaiion exiterinicnis with conitlia from Pisum sativum, Vida 
faha, and Lathyrus quinipicnerinus in 1941 and 194^ 


Host inoculMtofl 


Conidia from 


Pisum sativum Vida faha 


Lathyrus 

(luinqiwnrrvius 



No. 

No. 

No. 

No. 

No. 

No. 


iiiocii- 

in- 

iiiocu- 

in- 

inocii- 

in- 


la tod 

footed 

lnt(‘d 

f(^cted 

lilted 

feetod 

Pisum saUvum . 

K) 

16+}- 

20 

18 4’- 

12 

12 (0) 

Vida faha . 

20 

JO 4 + 

16 

J4 4 - 

15 

15 (0) 

Lathyrus quinquenervius ... 

(» 

6 (0 ) 


7 (0> 

10 

10 4 - 


Vida faha, and Lathyrus (puinquenervius. In order to avoid contamination, 
the tests w^re made in separate greenhouses. The metiiod of inoeulation was 
the same as described. In table 2 the -i i sign denotes abundant mycelium 
accomi)anied by abundant sj^orulation, f -- denotes tra(‘e to moderate my¬ 
celium accompanied by red si)ots or lesions, and tlie 0 denotes no macro- 
seoj)ically evident mycelium. 

The results indicate, contrary to the results obtained by the previous 
investigators, that the fungus from Pisum sativum is able to cause infection 
on both Pisum sativum and Vida faha, and the same is true for the fungus 
from Vida faha. Evidently, the U\o should be regarded as the same physio¬ 
logic race, wdiereas that from Lathyrus qumquenervius is a distinct race. 

Ill examining the tyjies of infection prodiieed by conidia from either 
Pisum sativum or Vida faha, it was noted that, in most eases, the inycelium 
was mneh scantier on Vida faha than on Pisum sativum. Inasmuch as the 
identity of the two cultures has been proved by cross-inoculation experi¬ 
ments, it is suggested that the differenc'e in degree of infection on the two 
lusts was probabl}" due to a difference in the nature of host plants rather 
than in the fungi themselves. In other w^ords, the beans are more resistant 
to the attack of the fungus than the peas. 
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The second series of cross ijioculations was conducted with an attempt 
to determine the i)athogenicit.y of Erysiphe poly go m DC. collected from tlie 
various species of VicAO, including Yicia cracca, V. faha, V, Mrmta, V. 
sepiiim, and Y. ieiyaspcrma, all of which are commonly mildewed in Kun¬ 
ming and its vicinity. In addition, seeds of many other species of Yicia 
were obtained tliroligli the kindness of the United States Department of 
Agriculture, Kew Gardens in England, and various institutes in China. 
Th(‘se seeds were sown in small plots each fall since 1940. Erysiphe poly go ni 
DC. has been found on all of them and mat/crial was collected from these 
I)lots for cross inoculations. 

In the winter of 1940, 1941, and 1942, healthy seedlings of Yicia aAigiisti- 
folni^ Y, atropiirpiirca^ V. cracca, Y, dasycarpaj Y, faha, Y. gigantea, V. 
hirmia, 1. leucoAitha, Y, Inim, Y, monmiiha, Y. orohns, Y. pannonica, Y. 
salivay y. sepium, 1. f(iraspernia^ Y. tride7itaia, and Y. villosa were raised 
in a clean greenhouse. Cross inoculations were made to j)otted plants in 
other greenhouses and were repeated to insure the development of the dis¬ 
ease. In order to avoid contamination, the inoculated seedlings were left 
in large glass chimneys covered with a thin layer of cotton at tlie top. The 
results of these experiments indi(*ated that conidia taken from any of th<*se 
species of Ywia were capable of infecting all of the other species used. Thi*se 
cultures are, therefore, regarded as a single physiologic rac(‘ of Erysiphe 
polygon I DC. and arc considered to be the same race that has been found on 
Pisnni sativum in this part of China. 

The reactions of tliese Yicia host plants to the attack of the fungus were 
by no means alike in thes(‘ ex|)eriments. Many of the species seemed more 
susceptible to the dis(‘ase tliaii the others. For example, on Yicia orohns the 
fungus usually prodiu-ed an abundant mycelium and abundant spores, and 
it rarely formed red lesions as it did on V, faha. 

The term physiologic race is gein*rally used to ]-efer to strains of the 
fungus which are morpliologically indistinguishable. However, in certain 
species of Erysiphe the so-called physiologic, races can be differentiated from 
one another by the morphology of either the conidia or the peritheeda. 
Blumer (2), for iiistaiU'C, has distinguished Erysiphe pisi on Medicago, 
Pmmi, and Yicia by the size of i)erithecia. Homiria (4) has made a com¬ 
parative study, based on the difference in conidia! dimensions, of the various 
physiologic races of Evysiphe grannnfs DC. and has lound that there are 
appreciable morjdiological differences between tlie races on common wheat, 
naked barley, Poa annua, and Elymus mollis. Yarwood (8) has also shown 
tliat the forms of Erysiphe polygoni DC, on bean, red clover, California 
poppy, mustard, jiea, cowpea, buckwheat, and Columbine can be distin- 
guislied readily from each other by the gross morphology of their conidio- 
phores and conidia. 

One hundred viable conidia of the mildew fungus from each of the 
various species of Yicia, and from Pisum sativum were measured while 
mounted in water under cover slips (Table 3). 
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No decided constjjut differences 'were noted in tlie size and sliape of 
conidia taken from any of these liost plants. This is further evidence that 
the powdery mildew of Vida species and of Pisuni sativiun in Ynnnan is 
caused by the same physiolo<^ic race of Erysiphe DC. 

Since the fungus is able to infect both peas and broad beans in China, 
then to which ^‘form sp(‘cies/' viz. pisi or vidae mliva .aiveii by Bliimer is 
it more related? Indeed, in the infection experiments, the peas Avere more 
susceptible to tlie atta(dv of the fnnji;ns than tlie beans. However, many other 
species of Vida, sinvli as V. orohiis and V. (jiganica were equally, if not more, 
susceptible to the disease than peas. Evidently, the difference in decree 
of snsceptibilit\' of the hosts has nothing to do with the question. In case 
of morj>hologic difference, BIinner (2) distinguished the form syiecies of 
Erysiphe pisi DC. on Medicago sativa, Vida saliva, and Pisum sativum by 

TABLE ('asyrements of conidia of Erjisiphc poliK/oni DC. from naturally in¬ 
fected Vida .specits and from sativum 


JIaiige for ooiiidia, in (i 


1 tost 

Length 

Width 

AvcTogc, in 

Vida afropurpurra 

. L»7.8-4o.:i 

13.9-20.9 

30.7 X 17.4 

V. craced 

. LM).(3™4.S.7 

13.9-20.9 

:57.8 X 17.0 

V. dasycarpa 

;{;{.f-i7.a 

15.7-20.9 

.39.7x18.4 

V. f aba . 

27.a-"47.0 

12.2—22.0 

38.3 X 19.1 

1’. (fiaantra . 

. 1!7.7—4.'>.r> 

13.9-20.9 

37.0 X 17.4 

V. hirsuta . 

29.0-47.0 

13.9-20.9 

;i7.9xl7.8 

r. lutca . 

. 20.1-48.7 

12.2-19.1 

:i6.9 X 17.2 

V. monantha 

29.0-4:1.5 

15.7-22.0 

30.7 X 19.0 

J'. (trohns . 

. 20.1-4:5,5 

13.9-20.9 

:i5.4xl0.9 

r. pannonica 

. 31.:i-4K.7 

i:t9-20.9 

:59.1 X 18.1 

V. saliva 

27.9-45.0 

13.3-22.0 

:50.5 X 18.8 

V. sepium . 

. 27.9-47.l» 

1.3.9-20.9 

39.4 X 17.0 

V. It traspcrma 

. 29.0-48.7 

1.3.9-20.‘* 

.37.9 X 16.8 

V. villosa . 

. 27.9-4 S. 7 

13.9-20.9 

.3.’).7 X 18..3 

Pisum sa l i vuni 

. dl.:i-4S.7 

13.9-20.9 

.38.5 X 18.0 


the size of their respective perithecia. According to i\is measurements, the 
peritliecia ot* the fungus on Vida and on Pisum were similar: PeritViecia 
from Vida ranged from 97 to 119 p in diameter with an average of 108.3 p, 
and those from Pisum rangtHl from 102 to 126 p witii an avei'age of 114.4 p. 
The perithecia of tin* fungus on Medicago saliva were decidedly smaller, 
from 85 to 101 p in diameter with an aATrage ol* 93.2 ^i. The perithecia 
measurements of the fungus in China, given before, are (loser to those 
ol' jierithecia from Vida salivuni than those from Pisum salivum as given 
by Blumer. It is ther(‘fore justified to consider the fungus in China as a 
mwv fimin of Erysiphe polygonijyC. ])arasitizing both tlie sjiec'ies of Vida 
and Pisvne and f. sp. vidae pisi is accordingly proposed in order to dis¬ 
tinguish it from f. s]). vidae salivac Hammerlund (Blumer) which occurs 
only on the genus Vida. Tin* present race is also known to b(> distinct from 
f. sp. pisi llammeriund (Blumer) by reason of its ability to infect Vida in 
additi<m to infecting P/.s?na. 
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AIETHODS OF OVER WIN TERIN(i 

Studies made b\' tlie writer during the past three years have shown that 
the powdery mildew oi* l)roa<] bean may overwinter eitlier as eonidia or peri- 
thecia on beans, ])eas, or wild species of Yicia. 

Mature perithecia containing asei with ascospores were oceasioually 
observed on Yicia safiva in tlie spring*. No perithecia were found on beans 
and peas in nature. 

In southern Yunnan, tlie winters are so mild that many wild species of 
such as Yicia saliva and F. hirsnia, usually survive the winter. 
Conidia are found on them in the early S])ring. 

It is also interesting to point out that in certain districts of southern 
Yunnan, two crops of beaus are raised. The second croj), primarily for table 
use, is spring-sown and is Jiarvested during November, December, and danu- 
ary ol‘ the next year. Conidia liave been found on them even in the winter 
montlis. Evidently, ibis second cro]) serves as the soiirce ol* infection for 
tlie fa 11 -sown beans. 

I)lS('USS10x\ 

Field observations and laboratory ex|>erinients liave revealed that tlie 
occurrence of ErusipJu polyponi DC. in Yunnan seems to be correlated with 
air temperatures. Tlie disease rarely o(*cui*s in thos{‘ regions where the avei*- 
age monthly air temperatui’e during the later stages of ])lant develo])ment 
is below 2(F' C. Howev<‘r, it is surprising to find that powdery mildew ol* 
pea is not only coexistent with llie cro]> but is also present in winter when 
tlie average aii* tem|)ei*aturt‘ I’arely (‘X('eeds 16^ C. in most of the pea-growing 
districts. Since the fungus on ]>(‘as and beans constitutes a single physio¬ 
logic race of ErysipJic paly you i DF., it is hard to giv(‘ reasons why the air 
temperature \N ill limit tlie develo|)nient of the fungus on one kind of host 
and not on the other. It seems, therefoi’c, that in tlie studies on the environ¬ 
mental factors in relation to the 0 ('('urrenc(» of a disease, the nature of tlie 
host x^laiits should also be taken into consideration. This assum])tion, 
although a matter of speculation, is, nevertheless, ot some interest. 


SUMMARY 

Powdery mildew ol* broad bean, caused by Erysiphe polygoni DC., is 
very prevalent in tlie b(‘an-growing regions of southern Yunnan Province 
in China. Although it is of no great et'onomic importance, it occasionally 
damages tlie croj). 

Leaves, petioh^s, sltmis, and pods of jilants are attacked. Only in severe 
cases, does mildew bliglit the stem tips and cause premature ripening of 
young pods. 

In contradiidion lo the results obtained by previous investigators, tlie 
mildew fungus on broad beans is able to cause infection on Pisiini safirum. 
Based on this finding, ])OMilcry mildews of broad beans and peas in Yunnan 
is considered to be caused by a single ])hysiologic race and is herein desig- 
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iiated as Erysiphe polyyoni DC. viciae pisi forma ]io\'a., a i-ape which differs 
i rom f. sp. vicia-mtivae llainmerluiid by its ability to infect Fisum sativum. 
Powdery mildew on Lathyrus quinqucan nuiis is a distinct race. 

The occurrence of the disease is correlated witli j*elatively hi^li air tem¬ 
peratures during Mardi, April, and May. An average inontlily temperature 
of 20^ C. or above favors the development of the disease on broad bean. 

The fungus is capable of overwintering as either conidia oi* |)erithecia on 
beans and peas as well as on tlie wild species of Vida. 

Tsino Hua University, 

Kttnming, China. 
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Pcritkccia of Powdery Mildew on Zinnia Seed. —There are few records 
of the oceiirreiice or transniission of powder}' mildews on seeds. Erysiph' 
polygoni DC. has been reported as externally and internally borne by pea 
seed^’“’'^ and externally carried on seed of Cumimm cyminum:^ Circnm- 
stantial evidence has been presented * that K. cicJioracearum DC. was carried 
on cinei'aria seed, and it was suspected'' that E. Fischeri Bluiuer on Senecio 
spp. and E. horridula (Wallr.) Lev. on Myrjsofis Avere transmitted on seed. 

Ill several commercial zinnia scimI fields in Ventura and Santa Barbara 
Counties, California, in which powdery mildew had not been controlled eflec- 
tively, the fnnjivis, E. cichoracearnm, developed copiously in the flower heads 
and there formed abundant perithecia in October, 1943, particularly on the 

TABLE L— Jncidoirr of ju rilhccia of JCry.^iphr c'tciioi'acranim on 'innia .seed funid- 
picled and IhyrHhtd bif hand or machinf ru {lOi.y ) 


\i\ rioty 


Lot iiiiinl)cr and liandliiig 
of seed 


N limber 
seeds 
examined 


Percenta^e seeds 


With 

10-100 

IxM’ithecia 


With 1-9 
perithecia 


Oriole 1. Picked in Sepleniher; hand-threshed 488 2.66 

do 2. Picked ill October; hand-threshed. 4,690 1.07 

do ib Picked in October; hand-threshed. 2,0114 1.42 

do 4. Pickeii in October; conrmercially 

tlireslnai and cleaned . 9,25e O.IU 

Mixed 7). Picked in Septenilx'i ; hand-tlireshed .‘>,396 0.29 

Total or av(‘raj;e . . 20,861 0.70 


11.68 

.1.57 

.3.11 

1.97 

1.71 

3.42 


vari(*1}‘ (liant Dahlia Flow(n*ed Oriole, rerithccia were most abundant at 
the stylar end of Ihc seed and iisuall.v were formed at the lower edj 2 i'e of 
])etal inrections which extended onto the immature seed (achene). The cup 
J'orined at tlie stylar end oF zinnia seed by the petal base provides a pro¬ 
tected cavity in whi(*h mieroor;uani.sms can be carried. 

The incidence of [lerithecia on ziimia seeds handled in various Avays is 
shown in table 1. Lots 1, 2, 3, and 5 Avere carefully picked and the cliaff 
i*emov<‘d by hand in the laboratory. Lot 4, commercially hand-picked, dried 
on canvas, nnu-liinedhreshed, and niachine-cleaned. still carried ])erithecia 
on 2.31 per cent of the seed. 

1 Vjiii Hook, ,1. M. Ihiwdorv mildew of the i>oa. Oliio A^r. Exp. Stii. Bull. 173: 
247-249. 1906. 

- ('nnyford, R. F. Powdery mildew' of p(*:i.s. New Mexico Agr. Exp. Sta. Bull. 163. 
1927. 

‘5 Uppal, B. N., M. K. Patel, and M. N. Kamat. Pea pow’dery mildew' in Bombay. 
Bombay Dept. Af^r. Bull. 177. 193,5. 

IJppal, B. N., .and M. K. Desai. (Aimin ])Owdt*rv mildew' in Bombay, Bombay 
Dept. Agr. Bull. 169. 1933. 

^Macdonald, J. A. Pow’dery mildew' on cinerariaH. Card. Chron. 105(2721): 111. 
1939. 

' <i Blumer, 8. Die Erysiphaci‘on Mittelcuropas mit besondercr Berucksichtigung der 
S(diw'eiz. 7n/Beitriige zur Kryptogaincnflora der Schweiz 7(1) : 46. 1933. 
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Samples of tJiese lots \\'ere jiTHnvn in flats of steivilized soil in tlie j^reeii- 
liouse for 6 A\'eeks the folloAving; spriiiji-, but no mildew ever developed on 
the plants. I'erithecia were still present, althoujih in reduced numbers, on 
the seed coats after they had been i)nshed throujih the soil in germination. 
Apparently the aseospores were not released or, if an^^ were, did not inteet. 
This is not surprising in view of the diflicvilties which have been reported 
by various workers in germination of aseospores of powdery mildews. How^- 
everj it is possible that infection rarely occurs from piudtheeia of powdery 
mildew on zinnia seed. 

l\:)wdery mildew ])erithecia on seeds such as zinida, which have epigeal 
germination, would be in a mueh more favoi7h)l(* i)osition for })roducing 
ascos]H)r<^ inrection tlian tliose on seeds sneh as pea, whieli ha\’e liy])ogeal 
germination. The internal infection desei*ibed for pea seed would, of 
course, re|)resent a difl'erent phenomenon. 

Jh)wdery mildew is relatively t‘asy to control in commcjndal zinnia seed 
fields in California by fre<iuent and eonsistont dusting with sul])liur uidess 
iid‘(‘ctions become established in the flower heads. Such infeedious may 
greatly reduce yield and (juality of seed, as well as lead to tlie possibility 
of seed transjuission. Em])hasis on control early in the season to pi’event 
flower infection is indicated.— Kknnetii F. P>AKKii and Wakren F. Locke, 
Division of Iflant l?athology, Lnivei-sity of Calil'ornia, Los Angeles. 

Cam( Uia Flower Blighi .— hi 1940, a camellia flowei’ bliglit was desci’ibed 
as new' and the causal fungus was designated l^rlcrofinia Ciniielliae. Pro¬ 
fessor Inao lliiio of ]\liyazaki Colleg(‘ of Ag)*iciiltur(‘ latei* called to our 
attentioii the fact that Mr. K. Ilara had (b'scrilxMr-- ' what appt‘ared to be 
the same diseas(‘ and fungus in Japan about twenty years earlier. While 
Jlara^s dimensions for asri (120-140x6-8 [i) and asco,spores (8-11 x 4-5 n) 
are somewhat larger than oui-s (100-125 > 4.3-5.8 and 5.3-7 x 2.5-3.5), it 
a|)pears that the rungus here is essentially the same as that in Japan ami 
should be designated beri'after as N. FaweHiae Ilara. 

It is probable moreover that the fungus was introduced into the Pnited 
States frt)m Japan as suggest('d in our earlitn- report' in view of the above 
additional evidence and tlie further fact that the disease has since been found 
in California in a second iiurs(*ry which imported plants from Japan. 

All told the disease has been found in Sfweral otlier nurseries and parks 
and in a few ])ri^’ate gardens in California. Apiiarently it is not definitely 
known to be establislied elsewhere in the Pnited States. 

Althouglt considerable effort was exi)ended in removal and destruction 
of affoctcxl flowers in the nuixsery Avhere the disease was first seen in 1938, 
tliere were numerous ini'ected floAvei-s in 1943 and 1944. This nursery com- 

1 Tlansf'ii, Tl. X., and II. Ravi Tlifnnas. Fl(»\ver bliglit of ('aiiiollias, Plvvlopatli 30* 

mio. 

2 H.nra, Kancsiiko. [On a ScR^rotinia disease of Caincllia. | Dainijipou Saiirinkwaiho 

X'o. 436. pp. 2D-“;n. 11H9. (In Japam'se.) 

5 Ilara. Kancsukc. [Sclcrotiiiia diseaso of Caiiiclliu.] Zikkon Zvnniokii Tiyogihon 
pp. 251-2r;2. 1927. . ■ ^ • 
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prises several aeres and the problem of eradicating- the disease is further 
complicated by the practice of maintain inju- niimerons plants in containers 
of assorted sizes and shapes, which may afford concealment for some of the 
sclerotia. However, in 1944 the nursery, in addition to destroyinjLi' infected 
flowers, beji-an ground-spraying* with Fermate. AVliether tJie spraying con¬ 
tributed to tlie result is not yet clear. At any rate the disease in 1945 was 
limited to tAvo small areas, the largest only a few yards in diameter. A pre¬ 
liminary test on some of the buried sclerotia, indicated that Fermate at 4 lb. 
in 100 gallons did not kill mature apotliecia but seemed to inhibit formation 
of additional ai)othecia. 

Since wholesale disbudding for one or more years was under considera¬ 
tion as an alternative control measuri*. some inrojanation on the interval 
between sclerotium formation and the ijroduction of apotliecia nas Jieeded. 
Accordingly in Aiiril, 194‘}, whole bJiglited flowers and jietals separated 
Irom such flowers wei’c jilaced on soil in boxes and co\'ered about one incli 
deep by jieat moss and iihu'ed under lath. Sclerotia collected in 19:18 and 
kept dry until the b(*ginning of this experiment were similarly bnri(‘d. The 
moss was kept continuously wet thtu-eafter. On February 24, 1944, apo- 
thecia were found in th(' box containing Avhole flowers and in the box in 
Avhich petals had been buried. No apotliecia arose from the old siderotia 
at that time or afterward. A])othecia Avere produced in greater numbers 
and over a longer jieriod from the Avhole flowers than from S(‘parate ])etals, 
tlie last apotliecia for 1944 apjiearing about mid-April. A few sclerotia 
from whole floAvers AAert* removed and examined on May 13, 1944, and found 
to be firm, although on(‘ of them had produced several apotliecia. The re¬ 
mainder were lei’t undisturbed until the s])ring of 1945, tlie medium iia\'ing 
becni ki'pt moist coutimiously. Tln^ first apotlnn-ia Avere found on February 
(), 1945, ill the box Avith Avhole floAvers and tin* last^ about April 15. No 
apothecia appeared in 1945 in the box containing petals only. 

In an attem|)t to determine AAlietber the fungus is able to iiiAade un- 
opeiied fl()AA;ers, several large jilarits AAutli numerous floAver buds Avere ])laced 
under glass at a distance fi*om the nursery. All buds Avith petals exposed 
at the time the plants were moved Avere marked at that time, and only those 
buds developed symptoms of the disease. 

Since only tlie aseospores are infective and only floAvers are infected, it 
should be possible to elimiuate tlie fungus altogether by systematic destrue- 
tioii of infected floAvers possibly supplemented by ground spraying. 

In the meantime discretion should be observed in the moA^emeiit of balled 
or boxed plants from infested to noninfested areas.— H. Eakl Thomas and 
IT. N. Hansen, Division of IMant Pathology, University of California, Berke¬ 
ley, (California. 

Yellow Berry and Sleni RusI of Wheat ,—Ihider Palestinian conditions 
only a foAV A^arieties of imported vulgare aa heats (0(T\ BTPM, Giza 7) bear 
sta:l-(‘hy kernels. Almost all indigenons tlnnim and imported durum and 

*4 this note was in gross ;u)othceia .a])])t‘arod again oarlv in Fobrnarv, 1046. 
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vult^are wheats bear* normally characteristic flinty kernels. However, not 
infrequently, kernels affected with yellow s[)ots may be found among* the 
flinty kernels. This phenomenon is characteristic for either durum varieties 
moderately resistant to rust, or vulgare varieties that usually escape rust, 
both under conditions of rust attack. 

In field trials witli the control of wheat rusts by sulphur dusts,^ it was 
observed that treated plants yielded only 0.2 per cent kernels affected with 
yellow spots, Avhile the nondusted rusted plants yielded from 5 to 63 per 
cent, the average of such affected grains being 24 per cent. It is apparent, 
therefore, that yellow spotted kernels may be connected with rust attack of 
plants. 

The anah’sis of kernels from rusted plants revealed a lower weight, lower 
l)rotein and gluten content, and an inferior gluten and baking quality as 
compared with kernels from plants dusted with sulphur." 

Yellow berry of wheat has been described since 1904 as a physiogenic 
disease. No mention is made anywhere of the influence of rust attack in the 
enumeration of the causes of yellow berry. Studies revealed abnormal 
physiiuil and chernictal constants and inferior baking quality of diseased 
kernels. Heald'^’^ reviewing the literature dealing with yellow berry sum¬ 
marizes the possible causes influencing the appearance of yellow berry as 
follows: (1) climatic fa(dors operating u])on the grain while in chaff, either 
during the last part of the ripening period or after (‘utting; (2) liereditary 
tendencies operating independent of environment; (3) disturbed nutrition, 
due to unfavorable Avater or soil relations. 

The trial mentioned was made in a field under uniform cultivation and 
fertilization, soAvn vith a pure selection of Floreiu^c wheat (Morocco origin). 
This is a mid-early vulgare variety bearing flinty kernels. It escapes rust 
attack V hen sown early but is very susceptible to stem rust when sOAvn late. 
The dusted plants were mature and harvested ten days earlier tlian the non¬ 
dusted ones. 

Other factors being the same, the kernels affected Avith yellow spots in 
this trial may be ascribed to the influence of stem i*ust. liate soAving and 
subsequent late maturity influencing the appearamte of yellow berry, as 
mentioned by Ileald, may be considered as an indirect cause of the disease, 
particularly in Avheat varieties escaping rust. It, is suggested that decrease 
of protein content in affected kernels may be influenced by rust. 

Since tlio application of sulphur, which controlled rust, also cliecked yel¬ 
low berry, it may be assumed that the yelloAV berry is etiologically connected 
with the rust attack. 

It may be: supposed, therefore, that yellow berry in wheat bearing nor¬ 
mally flinty kernels also may be controlled when sulphur is applied for the 

1 Minz, G. C'Mitrol of rust in wlieat by sulphur dusting. IJ assn deli 25(3-4) • 107 
1945. (Hebrew.) v y • 

Phuit, M. Chemical analysis and baking test of Hour from rusted wheat. Unpub¬ 
lished data. 

s Ileald, F. D. Manual of plant diseases. 953 pp. 1933. 

^ Henld, F. D. Introduction to plant iiathology. C03 pp. 1943. 
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control of rusts in wheat. —Gersfion Minz, Division of Plant Pathology, 
Agricultural Research Station, Rehovot, Palestine. 

Physiologic Races of Yellow Rust of Raspberries in Weslern Washing- 
ion.^ —For many years yellow rust, Phragniielium rubi-ielaei (DC.) Karst., 
has been an economic factor in the culture of red raspberries of western 
Washington. This disease has contributed to the decline of the Cuthbert 
and Marlboro varieties which are rapidly being replaced by the Washington 
and Tahoma varieties in this region. After the new Washington variety 
Avas introdu(*e(P it was observed to remain free from infection by yellow rust 
ill the Puyallup Valley, even when grown close to rust-infected Cuthberts. 
These observations indicated that Washington might be immune or highly 
resistant to infection by P. rubi-idaei. However, in July, 1944, leaf speci¬ 
mens of Wasliington affected with yelhnv rust wei*e s(‘nt to the writer by the 
Agricultural Exti'iision Agent of Whatcom County, 125 miles north of the 
Puyallup Valley, Field observations showed rust to be generally present 
from a moderate to a severe degree in many commercial tields in Whatcom 
County wliere Washington Avas grown. Both uredial and telial stages were 
on the leaves of fruiting canes and current season’s growth. 

Three young plants, about Uvo feet tall, of both Washington and Cuth¬ 
bert Averi* inocuilated in the greenhouse at Puyallup, Avitli a Avater sus])ension 
of uredios|)ores from specimens of the rust brought in sealed bags from 
\Vliat('oni County. Infection of both varieties Avas about the same (Fig. 1, 
A and B). The iiredia Avere large and numerous on the leaA^es of all inocu¬ 
lated plants. A similar test Avas made with urediospores collected from the 
MfU-lboro and Cuthbert \aricties grown in the Puyallup Valley. The Cuth¬ 
bert plants Avere severely infected, but those of AVashington appeared to be 
resistant (Fig. 1, C and D). Uredia, surrounded by more or less chlorotic 
areas, A\ere i)resent on the leaves of the latter variety but they Avere exceed¬ 
ingly small and never fully (h‘veloped in comparison to those on the Cuth¬ 
bert leaves. Tliese tests Avere repeated in the greenhouse on six dilferent 
occasions during tlie Avinter of 1944, Avith similar results. In tAAT) subsequent 
experiments the Tahoma variety Avas inoculated Avith the rust from both the 
Puyallup Valley and Wliatcom County but no sori Avere obsei'ved on the 
inoculated leaves. Cuthberts serving as a chevk Avere heavily infected. 

In ras})beiM'y fields in Whatcom County inspected during tlie summer of 
1944 and 1945 there Avas no rust on Lloyd George or Newburgh varieties 
grown adjacent to affeeded AVasliington raspberries. In the Puyallup Valley 
tlie Cuthbert and Marlboro varieties Avere affected but only an oci'asional 
sorus Avas found on Washington. In instances wliere Cuthbert and Wash¬ 
ington ])lants Averc' grown in adjacent roAvs, or where AVashington Avas inter- 
planted in Cuthbert roAVS, Cuthbert Avas infected Avith rust, Avhile no sori 
Avere observed on Washington. No rust infections have been observed on 

1 Pul;)]islKHl ns Scientitic Tmixm' No. 656, College of Agrieultur(‘ and Agricultural Ex¬ 
periment Stations, State College of Washington. 

2 Schwartze, C. E. The Washington and T;ihoma red raspberries. Wash. Agr. Exp. 
Stat. Pop. Bull. No. 153. 1938. 
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Talioma i)lants. Tims far AVasliiiij^toii lias been found affected with rust 
as far south as Snohomish County, but no serious outbreaks of the disease 
liave been seen or rejiorted on this variety southward to the Columbia River. 
On the other Innid, Cuthbert and Marlboro, of whicdi there remain only a 
few fields, are affected to some extent each year in this area. 

The results of these experiments and observations siij^^^^st the likelihood 
that there are two distinct physiologic races of I%rag 7 iudiuni riibi-idaei in 
western Wasliington. Roth Cuthbert and Washington raspberries are sus¬ 
ceptible to the rust present on the latter variety in Whatcom County, while 



Fig. 1. A, B. Washington and Cnthbert raspberry leaves, respeelively, with sori 
of western yellow rust aftor inoculation with rust collected from Washington variety in 
Wliatconi County. Healthy CuthluTt leaf at right. C, I). Cuthbert and Washington 
leaves inoculated with rust collected from Cuthbert and IVlarlboro raspberries in Puyallup 
Valley. Note tlie scattered i:ndevelo})ed sori on the Washington variety, I). H(‘filthy 
Washington leaf at right. 

Washington is resistant to the race collected from Marlboro and Cnthbert in 
the Puyallup Valley. In this case it seems unlikely that elimatic factors 
might determim* to such a large extent the develoximent of the disease on 
different varieties, as lias been referred to by Zeller.’* lie found tliat in 
Oregon the variety Ranere was more resistant to P. rufyi-idaci than Cuthbert, 
but that tlie reverse is tru(' in coastal regions of California.^— Folke Joitn- 
soN' Wasbiiigton Agricultural Experiment Stations, Western Washington 
Experiment Station, Pnyallnp, Washington. 

•^Zeller, S. M., nnd W. T. Luiid. Yellow vust of Pulnis. Pliytoi)ath. 24: 257-2()5. 





1946 J 


P II Y TO I > ATIlOl AX J I ( A I. N OTES 


385 


The EelaUon of Stonidfal Behavior a! the Time of Inoculation to the 
Seventy of Infection of Soybeans by Xanthomonas phaseoli var. so;jense> 
illedyes) (Starr) Burk.^ —Diiliciilly in ()l)tainiii^’ (consistoiitly jiood infee- 
tion with bacterial leaf spots of lield-jirown crops lias been a common experi¬ 
ence. The testing? of varieties for disease resistan(;e requires reliable nietli- 
ods in order to be certain of the interpretation of the results. Stomatal 
behavior has been shown by Diachnii^ to be of importance in the infection 
of tobacco leaves by bacteria. Inoculation experiments were conducted in 
1945 to evaluate this factor m the infection of soybeans in the field with the 
bacterial pustule disease caused by Xanthomonas phaseoli var. sojcnse 
(Hedges) (Starr) Burk. The experiments were performed at (kilumbia, 
Missouri, and XJrbana, Illinois. 

Different jilots of the soybean varieties Lincoln and Chief were inocu¬ 
lated at two-hour intervals throughout one day in each of the tests. The 
inoculation started at 3 a.m. Central Standard Time when the stomata were 
jiractically closed and continued until 9 p.m. when the stomata were again 
practically closed. Striiis of the lower leaf epidermis were placed into 100 
])er (*ent ethyl alcoliol at the time of each inoculation and later the average 
w idth of the stomatal oitenings was determined. At Urbana, tlie liglit in¬ 
tensity was m(‘asured at the time of (*ach inoculation. IT’ecautiojis were 
taken to pi*ovide uniform inoculum throughout the day. The inoculum was 
apf)lied with a iiower s]n*ay(‘r, Avhich maintained approximately 150 pounds 
pressure, with the nozzle adjusted to deliver a stream of water unbroken 
until within a few ijiches ol* the leaves where it broke u|.> into larg(‘ droplets 
similar to beating J*ain. In t^ach of the three tests with Lincoln and (diief, 
four replications were arranged as randomized blocks. Disease notes were 
taken ten to fourteen days after inoculation. The severity of infection for 
a I’ow was rated on an arbitrary scale of 0 to 10, no infection being indicated 
by 0, and lieavy infedion on all leaves being indicated by 10. 

The r(^sidts have shown that ino(*ulation between 8 a.m. and 2 ]).m. gives 
the greatest amount of infection (Fig. 1). A logical conclusion would be 
that the l)acteria enter wlieji the stomata are open. Considerable dew devel¬ 
oped on the plants during the nights eon(*.erned in each test, and attempts 
were made to select days of jjormal sunshine. This was nearly accomplished 
at TTrbana, but in the tests at C{)lnmbia, it was partly cloudy during part 
of the day. Although the dfect of cloudiness on s+omatal behavior was not 
marked, it may be j-eflected slightly in the difference in steepness of the 
cui'ves in figuj-e 1 for the two locations. At Columbia, where slight cloudi¬ 
ness existed, the (*ffect of im-rease in light between 6 a.m. and 8 a.m. was 

1 A contrilnitioii from tlie IJ. S. Kcgional Soyboaii L;il:)orMtoiy, ;i ('ooperMtivo organi¬ 
zation participated in by the Bureau of Plant Industry, Soils, and Agricultural Engi¬ 
neering, .Vgricultural Kesearch Adruinistration, IT. S. Department of Agriculture, and the 
Agricultural Exi)erimtmt Stations of Alabama, Arkansas, Florida, (b'orgia, Illinois, 
India.na,, Iowa, Kansas, I.ouisiana, Michigan, Minnesota, Mississip])i, Missouri, Nebraska, 
North Carolina, North Dakota, Ohio, Oklahoma, South Carolina, South Dakota, ^renness(‘(^, 
^J\‘xas, Virginia, and Wisconsin. Missouri College of Agriculture Journal Series No. IXX). 

2 Diachun, Steplien. delation of stomata to infection of tobacco leaves by Bacterium 

tabacum. Phytopath. 30: 263-272. 1940. 
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not as sharp as at Urbana. Watersoakinj? of tlie leaf tissue by the spray 
was apparent immediately after inoculation during the bright part of the 
day, but was inconspicuous after inoculation at other times. 

Tlie results of these tests indicate that stomatal behavior should be a 
prime factor in the timing of inoculation of soybeans. Varieties which 
appear to be resistant when inoculated at midday, however, should be 
further examined to be certain that they do not have a dilferent diurnal 
cycle, thereby escaping inoculation at a time wlieii they are vulnerable. 
The general tendency in the past has been to inoculate field plants in darker 
periods (e.g.y early in the morning) and withorit particular attention to the 
force of the inoculum hitting the leaves. ■ 



Fig. 1. Graph showing the correlation of stoinatnl behavior and infeel ion ratings 
on Chief and I/incoln soybeans at tlrbana, Illinois, and (■ohimbia, Missouri, when inoen- 
lated by power spraying at different times of tlie djiy. ((^‘ntral Standard Tinu*.) 


It is believed that the results reported here will be of considerable value 
in the development of an improved tecliniquo for inducing artificial ei)i(lem- 
ics in the field.— WiLLrAM B. Allington, Associate Pathologist, P. S. 
Regional Soybean Laboratory, and Cari. Y. Feaster, (V>operative Agent, 
Missouri Agricultural Ex])eriment Sidtion. 

Beaction of Dodders to Stems of Other Dodders and to Their Own 
Stems. —While study ing the relationship of the t^vo dodders, Cuscuta .svb- 
inchisa Dur. and IJilg. and C. californica Choisy , to certain host plants eom- 
monly' used in the study of curl.v top and other virus diseases, the question 
arose as to what oecurs when the stems of these dodders coil around eaeh 
otluuv When these united stems are sectiomMl, stained, and examined under 
the mi('roscope it becomes apparent that haustoria penetrate the encircled 
stems and connect with Hie vascular bundles in the same way they' do in tlie 
case of sugar-beet petioles, C. californica, for example, will parasitize C. 
snhinclusa, C. campe,slris Yunecker and C, americana L. 

Figure 1, A, shows CuscAiia californica growing on 0. americana Avhich 
in turn is parasitic on Nicotiana (jlauca. The small amount of vegetative 
growth and the abundance of flowers indicate that C. americana is not a 
favorable host. Figure 1, R, is a transverse section of a stem of C. cali¬ 
fornica with a haustorium of C. suhinclusa grown into it, with xyiem vessels 
of the invading haustorium connecting Avith similar tissues of C. californica. 

Further proof that this dodder defiiiitel.y parasitizes the others Avas 
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Fin. 1. A. Cuscuta mlifornica growing on C. amcricanay piirasitio on Kicoiiana 
glmica. B. Transvcr.se section of stein of C. californim invaded by hanstorium of C. suh- 
inchmiy xjlcm elements of liaiistoi’inm (a) connecting with similar elements of host (b). 

obtained by the following tests. Rapidly growing steins of C. califoniica. 
were taken from a tobaeco plant and the basal ends put in a bottle of water. 
These stems were then allowed to establish themselves on the other speeies 
of dodders mentioned, Avhich were growing on green host plants. Then these 
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stems were taken out of water and were forced to live on these dodder species 
as host plants. 

The two dodders, Cusenia calif arnica and C. suhinclusa, will turn back 
on tlieir own stems and invade them with haustoria as they do on other spe¬ 
cies of dodder. There is no a])parent harju done to tlie tissues of the dodders 
after beinji* thus invaded. As in other host plants attacked by the dodders, 
the tissues are completely dissolved iji the region occupied by the haustoria. 
Cells in contact with haustoria ai)]>ear to be normal with no sign of dis¬ 
organization. The haustorial hy])liae contact phloem cells but do not invade 
them. They ap]>ar(‘nt]y receive nourishment from tliese host cells by dif¬ 
fusion. The xylem elements of the dodder intermingle with those of the 
host and seem to unite witli them.---(k F. Lackey, Division of Sugar Plant 
Investigations, Bureau of Plant Jndustry, Soils and Agricultural Engineer¬ 
ing, Agricultural llesearch Administration, United States Department of 
AgrieuItiire, Riverside, California. 


Infection ^tndits with uictinonu/ces i;cabies.^ —The pathogenicity of Acti- 
noniyces sccMcs (Thaxt.) Gussow% the causal organism of potato scab, is not 
w^ell understood although its parasitism was demonstrated over a half cen¬ 
tury ago by Thaxter. In re(*ent infection studies, the organism killed radish 
seedlings growdng in sterilized, artificially infested, highly calcareous ])eat 
soil. A localized necrosis of potato leaf blades and petioles lias been obtained 
after spore suspensions were applied to wTiunded tissues. 

Radish seedlings lia\e been killed by the scab orgaHism under controlled 
conditions in the laboratory. Isolates of Actinomyces scabies obtained from 
scab lesions on potato and red beet and knoAvn to be extreimvly virulent to 
potato w’cre used throughout. Seed. Avhich had been surfac'c disinfe(*t(*d and 
germinated on 2 per cent Avater agar Avere ])laced in large, Pyrex test tidies 
containing sterilized peat soil Avhich had been artificially infested with pure 
cultures of the si*al) organism. The first evidence of infection Avas on root 
tissue Avhich becaim^ water-soaked Avith only slight discoloration. As necrosis 
developed, the tissues became dai’U bi-oAAn. Aerial symptoms, developing 
first on the ('otyledon, consisted of a Avilting of the terminal portion of the 
leaf accomi>anied by general chlorosis and folloAved by necrosis of tlie entire 
lamina. Tlie hypocotyl remained ereid and apparently unaffected until 
aft(*r the terminal leav(*s Avere dead. Radish plants lived only 2 to Aveeks 
in soil infested Avitli A. scabies, A\h<'reas control plants groAving in sterilized, 
noninfested soil AV(‘re apiiarently free from disease and remained thus until 
the tests Avere terminatcHl aj)])roximately one Aveek later. Seedlings of radish 
grown in pots containing soil infested Avith the scab organism Avere noticeably 
stunted. Pi'clindnary tests Avith cucumber, pepper, turnip, and spinach 
liave indicated tliat A. scabies is sufficiently^ pathogenic to these plants to 
cause stunting and iiremature death. KenKnighP has made a detailed sur- 

1 Journal paper luimlicr J-132r) of llie Town Agriniltviral Experinioiit Station, Amos, 
Iowa, Project 811). 

u KenKniglit, (flvum. Stiidiv's on soil actiiunnycotos in relation to potato scab and 
its contiMl. Midi. Agr. Exp. Stat. Todi. Bull. 178. * 1941. 
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vey of the literature eoiu'eniiiin- clevelopuieiit of .1. scabies on the roots 
of various vegetables and weeds. He rei)orted (‘hielly the produetion of 
lo(‘aIi:zed, corky, seab-like lesions typi('al of those found on the tnbers ot llie 
potato. 

Ill our experiments, supei’tieial, seale-like, ne('rotie areas, that wei*(‘ li^ht 
^‘I'ay to tan, were indu(*ed on Red Warba potato foliage by rnbbin^' a sjiore 
sns|)ension of tiie sc-ab or;u‘anisni onto the l(‘aves with the finder. AVater- 
soaked spots wliieh later dried and turned brown first a|)|)eared on the leal’ 
blade and its veins. Tliese neei'otie areas did not <*nlai‘<j:e after removal of 
the i)lants from tlie moist ehamlier 3 to 4 days aft(*r inoeiilation. Leaves of 
('ontrol plants rnbbed with water in a similar manner, althonj^h evideneinfi’ 
sorm‘ meehaniral injury, did not become m‘('roti(‘. Water-soaking* the leaf 
tissues with a jet of s[)oi-e suspension (*jected from a liypodermic syrinj^e 
onto the under sni'face of tin* leaf also resulted in n(‘('rotic lesions. When 
tin* j)lants were remoxed from the moist ehamber*, tin* wat(‘r-soaked areas of 
plants treat(‘d with a spoj-c* sns]>ension had a dark metallic luster, whereas 
the ('ontrol lea\’(‘s, tr(‘ated with sterile water in a similar mann(*r', wei'e water- 
soaked and ^reen. Tlie allecded tissin*s of the inoculated leaves soon became 
ne(*roti(': the water-soaked areas of the control leaves recoxercd and iio 
neci’osis o('(‘urr(‘d. N(‘ci*oti(‘ areas of the inoculated leaves were* brown to tan 
and api>arently Io(*ali/ed at the bases of trichomes. Alfeeted areas did not 
noti('(*ably enlar‘i(‘ after removal from the nioist chamber. In ‘•eneral r(‘ac- 
lions were more severe on \'oun<»* leaves that were not completely expanded 
at the time of iinxudation. In these i>]*eliminary trials, free-hand sections 
were not suitable for demonstrat ing* actinomyc(*tous filaments within affected 
tissues. Lilt man* rei'ently reported acd inomycetoiis strands in apparently 
l)(*altliy leaves of potato(‘s. 

Leaves situated at the* soil line on (k)bl)lei* |)otato plants ^rown iji arti¬ 
ficially inf(*sted, peat soil have had a superficial n(*ci*osis similar to that de- 
s(*ribed on leaves treated with susi)ensions of Acfinannfces scabies. In a few 
instances neci'osis was observinl extendinji* some distance into the petiole. 
Tlie filaments of A. scabi(s were demon.straled in the intrai'ellular sj^iaces of 
sucii jietioles by stainint:* fr(*e-hand sections with Gentian violet. 

Attempts to induce a I'eaidion by atomizin'** s{)oi*e sns])ensions on unin¬ 
jured |>otato-leaf snrfa(M*s have not been successful.—W. 3. Hookkr and 
(r. C. Krnt, Hotany and Plant l^atholojiy Section, [owa Agricultural P]xperi- 
ment Station, Ames, Iowa. 

Late lUie/ht of Toaiatoes in East Tc.ras at Traasplaatin</ Time. —Tomato 
])lants with late bli<J:ht (caused by Phiftophthortt nffcstans (Mont.) de Bary) 
were fouiuP near Jacksonx ille, Texas, in April, 1943. The late-bli^ht symp¬ 
toms appeared only on jilants that had been brou'.iht from the Lower Rio 

i TiUtnaui, P>. F. Actinoiuycctes in vnrious pni-ts of tlic potato and otlicr plants. Vt. 
Agr. Fxp. Stat. 15uM. r)i!2. lalo. 

I Altslatt, (}. F. IVnnato laU* Idiglif in Fast Texas. V. S. l)(‘pt. Agr. Plant Pis. 
liptr. 29: a44-34n. 1945. 
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Griuido Valloy, or on loealJy ^rown plants that were near the fields wliere 
these iiiiported plants Avej'e set. The plants were shij)ped in Maicdi fioin 
the Lower Valley where late blight was severe on tomatoes and potatoes,- 
and Avhere the disease has been more or less destrnetive eaeh year beoinniiij»- 



pj<i. \ Toiiiiito ]ilMnts with hi1o-l)li{rht; syii!|)l()ins. (A, 15, (' photo^rMphod at Jai'k- 
sonvillf, on April lo, ItHf). A, B: Blaiits from tjower IMo (ir.-nido Ynlloy of 

'I’oxas. (\ I>: plMuts from rold framr.) A. Tomoto stem that wms typically t\vist(‘d and 
lo-okoii I'v a l:»i(‘-!>H} 4 ht canker. B. Tomato stem with a lon^ilndinal crack in a late*' 
Idifjht c:mkoi'; also a crows s(‘ction throiif^h the hollow cankor. ('. Plij/fof)]rthor(i in ff staii.s 
killed tin* IraNos, into the :>tcm, and caused lij^lit blown cankers in cold-frame plants. 

I). XoAV fii'owth on a tojuato stmn, the top of which had been killeil eai lier by laft‘ lilij^ht; 
jtholOiJfraiihoii on May :Jo, Ih-lo. 

i^Altstatt, (t. !■:. Late blight of potatoes and tomatoi's in tlie lower Rio Lraiule 
Valley of Texas. 1*. 8. I>ejd. Af^n*. Plant Bis. Bptr. 29; 2:):5-2i5-t. .19la. 
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with ail epiiihytotic* in Earlier deseriplions ot' tomato late blight 

were by Kern and OrtoiP and by Giddin^s and Bero*. ’ 

The largest loss from late blight oeeurred on a farm near Jaeksonville 
wliere nearly 17 a(*res were set with youn<»‘ tomato jilants from the Lower 
\ alley. On April 15 most ot the plants were dead. Typi(*al symptoms of 
late blight and sjiores ot the eausal fungus were found on the remainin|L»‘ 
plants. Plants dying* early had been reset 3 times witli hxially gr()\N’n plants, 
and they also had died from late blight. Late blight in the stems caused 
prominent cracking, shriveling, tAvisting, and hollowness of the cankered 
areas (Fig. 1, A, B). Many of the tomato tops were broken over at tlie 
canker. The Phytophthora. spores evidently had been carried by wind from 
the blighted })lants in the held to tomato seedlings in a nearby c'old frame. 
By Apr-il 15, late blight had injured or killed the t()i)s of more than 10.000 
j)lants in this cold frame, giving the seedlings a brown, scor('hed appearance 
(Fig. 1, ('). When the cold ('rame was examined again on May 25. some of 
the plants were still alive and new tops had developed from branches below 
the cankers after the sju’ead of the late-blight pathogen had been arrested by 
Avarm, dry Aveather {Fig. 1,1)). On another farm, a grower had ‘' heeled-in'' 
L(Awer-Valley tomato plants beside a hot bed. All of the seedlings in tlie 
hot bed and nearly all of the LoAA-er-Valley plants that Avere set in tlie field 
were killed by the late-blight fungus. 

These observations indicate that Phfffophthora infcstans may be trans¬ 
mitted from one region to another through movement of infected tomato 
plants, and under ravorable weather conditions an epiphytotie may o(‘cur in 
the newly infested ar(‘a.—P. A. YoTTN(i, Tomato Disease Laboratory, Texas 
Agricultural Experiment Station, Jacksonville, Texas. 

Tin Eradicanf Action of <i Funpicide on ColU totrichuni lilii in Ldy 
Bulbs. Preliminary studies by Plakidas' on the control of black scale of the 
Easter Lily (Lilinni lontjiflornni Thumb. Aar. c.tiniiuni) caused by Colleto- 
irichnin Ji/Ji l*lak. by treating diseased bulbs Avith fungicidal dips or dusts 
indi('ated that mei*curi(' chloride, borax, basic copper sulphate, calcium 
liypo(ddorite, and brilliant, green were ineffective. In most cases the treat¬ 
ments also caused considei*al)le injury. Continuing this Avork, tests liaA'C 
been made AAntli several of tlie ncAv organic rungicides. Tlie results obtained 
Avith one of these materials Avere of sufficient j i*omis(‘ to justil'y a pre¬ 
liminary report. 

A method of rapidly evaluating the effectiA^ness of the rungicides in tlie 
laboratory Avas deAust'd. Scales bearing lesions AViu-e i*emoved from diseased 
bulbs and treated, after which they Avere placed in sterile water for 24 liours. 

Taiil)(‘iili:nis, J. J., aiid W. N. Ezekiel. Late blight ot* potato<*.s and toniato<\s. 
Tt‘xas Agr. Exp. Stat. Ciic. dO. JtKM. 

Korn, E. 1)., aiul C. Iv. Orton. Ehytophthora infostaiis on tomato. JMirtopath. 6: 
t:84-287. ioK). 

(ilddings, X. d., and Ajjtliony Ilerg. A comparison of the lat<‘ hliglits (»f tomato 
and potato. Phytopatli. 9: 209 -210. 1919. 

1 Plakidas, A. G. Jilaek scale: A disease of Easter Lily bnlbs. Phyto])atli. 34: 

571. 1944. 
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Tli(*y were then soaked for 4 to 5 minutes in a saturated solution of ealeium 
liypocdilorite for* surface sterilization and ])lated on potato-dextrose aj^'ar. 
Jn cheek tests witli scales immersed in tap water for* 24-48 hours, fungus 
<»t*owth o('(‘ur]*ed fi*om all scales, with CollclafricJnim lilii (‘onstitutin^’ 50 
to 75 j)er cent of the fun^ii pr*esent 1). B\' usinj: this method, a niim- 

hei* of or<»anic mater-ials wei*e eliminated as ineffective. Two materials, how- 



11(«. I. Kdlci't (»l IMirnliz(*(l X.>X Xr)lj on tlio sm\ i\;il u1' ('olh fotricJnini lilii ’m 
lily am] A. Xontroatod scales on ]»otato dext rose a^^ar, showing fnngiis 

growth. H. Heaies treat(Mt witli IMirati/ed NoE, 1-12000, for 48 hours, on potato dextrose 
agar, no fungus growth V. Xontreated infeeted lily hull.s aftiu- 7A nionUis’ grotMli in 
gre(‘iihoii.s(\ D. inly liulhs treated with Jhiratized NMX, 1-2000, for -18 hours and tn-owji 
'll greenhouse for 7A inontlis. ' 

cvei, 1 uratizitl N')X and its iinpr<>A'(*d iorm X»)K (10 pei'ctuit ploMivl meremri 
trtetliaiio! auinioiiiuiii laclHte) at coiK-cntratioiis of ] .jOO to J-4()()() wliere 
the treatment time wa.s 24-48 hours, proved effeelive in killiiifi' the fuiifius 
ill the scales. Rediiein”- the treatmeul time to six hours failed to destroy the 
fungus even at eoneeut rat ions of 1-250, imlieating tliat the duration of the 
treatment was more important than Ihe coneentration of the fiingieide. 








J Pn VTOPATIIOUXiK’AL Notks 

These tests Avitli Pviratized N5X in the Jaboratory were followed by 
‘••reenliouse tests with diseased whole bulbs. Kei)reseiitative residts from 
these tests ai-e o-iveii in table 1. Nontreated and treated bulbs from tills test 
are shown in fij>’ure ], C and 1). 

As in tlie laboratory exj)erinients the effeetiveness of the treatment was 
very nuieh redm-ed when tlie treatment time was less than 24 lionrs regard¬ 
less of (‘oneentration. In jio ease was injury to the bulbs or plants observed 
ex(*ept where the treatment was for 24 hours or moi*e at eoneentrations of 
1-500 or jireater. While emer^eiu'e was red need at. tliese hij»‘h eoneentra¬ 
tions, jiTow’th of the |)lan1s w'hi(*h emerged was not ap|)arently affeeted. 

Jn a field experiment in tlie 1944-45 s(‘ason five lots, totaling- 8 bushels, 
of lieavily infe(*ted bulbs were treated with Ihiratized N5X, usin»‘ different 
('ouibinations of time of ti*eatment and (‘oneentraliou of the funjricide. Be- 

TA15LK J.— 'J'h( rfffri «>/ irrfitnn}i( irilJi Purali^rd X.)X on ihr <hv('lop7n<n1 t>f 
block' scolr on infected lilif ])nlhs in pot e.rp/riinenfs. Unlbs ej'oniined 7A months offer 
plant ini). 


\<). hulbs 


'rr(*;itiji(‘iit 

< 'oiK'ciit rul ion 

TiiiK' 

Xo. bulbs 
clcnii 

ill fdasscs*' 

1 2 
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index'' 

Pmut ized XuX 
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do 

4S hr. 

lo 

1 0 
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do 

IS hr. 
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Do 
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1 2 
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1 - MiiJdlv (lise.’isod ; '2 ” iiUMienitely diHensed; ~ sev(‘r(*Jy dis(‘nsi‘d. 

mild, m(Ml(*r;it(dy, jiixl s(*v(‘rrly diH(‘;ised iiiinuM’icnl vnliu.'S ol' 

0, MM.M, ()(>.(1, ;nid 100, r('S]u*(tiv(‘ly. 'I'iu* diHensi* index Tor nny j]jiv(Mi trentiiieiit wns oh- 
t;riiied hy Hninmin^- the t»i'odnet.s of the iiumher.s of hulbs in e;i('h eluss uud the immeri<'ul 
vulues of th(* (dosses uml diN’idiiij*’ l>y tlie total iiiiiitlier of bulbs in tlie tieatriieiit. 

eause the planting' was in a (|uarantine area, it was not feasible to inelnde 
an untreated ('ontrol. However, the trend of diseast* d(‘velopnient in lots 
reeeivinji' the different treatments corroborated the laboratoiw and jireen- 
house results. At (‘oni'eutrations of 1—1OOO and 1-2000 of PuratiztMl N5X 
for 48 hours the disease indices were 3.1 and 4.5, and the actual jtercentaji’es 
of diseased bulbs were 5.7 atid 8.7, respetdively. At a ('onceutration of 
1-4000 for 24 lioui's, 28 j)er cent of tlu* bulbs wei*(‘ diseased and tlie disease 
index was 15.2. In tin* field as in the greenhouse there was no evidence 
of injury. 

In September and Oc/tober, 1945, extensiv<‘ plantiims were made with 
bulbs treated with Puratized N5E under a wide ran^i* of conditions. While 
most of tlie bulbs were treated for 48 hours witli a 1-2000 solution, in more 
limited treatments the coiu'entration and the leuiith of treatimmt were 
varied. Ap|)roximately 2,000 busliels of bulbs were treated, and by Januar.v. 
1946, satisfactory stands were present in all cases. This indii^ated that this 
material may be used in the field with safety.— F. J. LkBeau, Louisiana 
AjiTieultural Bxpm-iment Station, Baton Rou*>’(‘, Louisiana. 
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Fungi Causing Diseases of Sugar bcct Seedlings in Montana. Afanasiev, M. M. 
NiiiiicroHs isolations were made from diseiised sugar-beet siiodliiigs grown in the field and 
in the greenhouse. Isolates include representatives of the following genera: Phoma, 
Fusarium, Macrosporinm, BhisiocJoniay Pytliium. and Aphanomyces. Beet seedlings in 
either chloropierin disinfected or steam-sterilized soil in tlie greenhouse were inoculated 
with many of these organisms. Fnsariumy Macroj^porvum, and Rhisocionia wtue only 
slightly ]»athogenic, Phoma and J'ylhiuni Avere moc^prately so, and Aphanoinyces was tin' 
most j)atlK)g(‘nic on siigar-lx'et se(‘(tlings. The sjunptoms produced by Aphanomyces on 
sugar beets grown in the greeniiouse resiunble those of lht‘ diseast'd seedlings in the field. 
Seinlling diseases of sugar beids, from the standpoint of the organisms involved, an? com 
])lex, and it is believed that in Montana. Aphanomyces is more important as a ])athogeu 
then is any of the other fungi mentioned. Senne of the fungi studied are only Aveak i)ara- 
sites ami possibly act as secondary invaders. 

A Fean Virosi.s of Jmportancr in Montana. Afanasiev, M. M., and H. M. Morris. 
I’"or a number of years a virosis Avas observ(‘d on (Ireat Nortliern bean, a variety resistant 
to hean rirus 1. This virus closely resemliles bean virus A. Bean leavi‘s are mottled, 
distorted, and crinkhul, and older plants Ixu'Ome rugose, dwarf, and spindly. Plants groAV 
slowly, bloom late, and yield poorly. The virus is not transmitt(‘d through the seed. InfiM'- 
tiou resulted Avhen the infectious plant Juices were inoculati'd into (Ircait ISTorthern lieans 
r.l. 1.'), r.T. fifi, Mont. 1; Ked Kidney; Ifinto; Ideal Market; and on Avhite and yelloAV 
sweet clover. I?esults Aven^ negative avIkui r(‘d, .Msike, Tjadino, and Dutch Whit(‘ clovers 
and alfalfa av(M'(* inoculated. Although symptoms varical, all Ihl'iu varieties >vere eijually 
susceptible except for Great Northern M(nitana I Avhich avus somewhat U‘ss sus(M‘ptible. 
Inoculated hmes of white and yellow sAV(‘et clovers had a chlorotic mottling. Jteaii varie¬ 
ties biaaiim* infected when inoculated with Juice from fi(;ld-grown white and jadlow sweet 
clovers and Ii(‘d Kidney bifaiis having symjitoms similar to inoculati‘d ]>lants grown in the 
greimliouse. The sweet clovers or some oth(*r h^guminous plants probably may be the 
source of infection on beans. The virus Avas inactivati'd in a dilution greater than 1 100 : 
liy heating for 10 minut(‘s at 00 ’ G.; a»id by aging in vitro foi* IS hours or longer. 

Frown Stem Rot of Soybean Caused by an Unidentified Fungus. ALElNirrON, Wii. 
iiJAM It. This disease apjieared in a fcAv fields in Gentral Illinois in the fall of 1011, and 
in 1045 it occurred in severe- epidemic form in (kuitral Indiana, Illinois, and Ioav:i. 'riie 
darnagt' in (central Illinois Avas (‘xtensiAe, reaching 10 per emit in soon* counties. ( 'Omplete 
loss of yield oc'curred in some fields. Symptoms consist of broAvning of the pith and xylem 
of the stem, starting at or lieloAv the soil hwe) and iirogressing sloAvly ujiward with only 
slight external symptmus in evKhmee in the form of occasional lilighting of loAver leaves. 
Then Avith unusual ra])idity the lea\a\s in the toj)s of the plants doAxdop an intei\eiual 
chloiTJsis that is quickly followed liy necrosis. In adva,nced stages the outside of tin* stem 
appears brown and ih(‘ ])1ants lodge liadly because of i‘xtensive internal rotting. Tmnpeia- 
tures liiust be low for disease' deAa*lo]>nient. The fungus appears to be soil-borne and 
generally present in the Midwt'st. The dmjsi?, putty-colored, nonfruiting mycelium grows 
slowly on all media rested. Isolation and artificial inoculation are ri'adily made l)y stand 
a'd methods. A fcAV lields have indicatml that continuous cro])j)ing lo soylieaiis may 
iiicvt'ase the disease damage. 

Efi'ect of Growtit Substauces on Glonierella cingutata. ;\xde.s, J. O. Fifteen groAvth 
promoting sulistaiices were tested on 4 monosporic lines of tlu' organism by addition to a 
miuoral-salt.s-ghieose medium containing jnirified agar. Goloni<'s Avere groAvn compara¬ 
tively in Petri plates. GroAvth, as measured by colony diameter, increased in all liin^s when 
rliolino chloride was added. OiU' line responded to the addition of niacin and anotlu'r to 
the addition ox thiamine. 

J Chromog, nie Line of Glomerella cingukila Derived from an Ascospore. Andes, 
,1. O. Six ascospores isolati'd from a. single ascus produced 5 typical plus colonies and 
.! red colonv. Tlie red culture produced cumidia abundantly but never formed jx'rithecia, 
eitlior alone oi* Avlien mated Avith pins or minus lines. It appears to bo identical Avith 
another chromogenic line that was isolatiul from an apple by M. C. GoldsAVorthy. 
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Manganese Toxicity, a Factor in the Cause of Internal Farlc Xtrrosis (Apple Measles). 
BiORG, Anthony, and (jENkvievk Clueo. liivostigations for (5 years slio\v(‘d that the tis¬ 
sues of apple trees affected Avitli this disease usually contained abnornuil amounts of man¬ 
ganese. Accordingly, the role of manganese was determined in a scries of greenhouse 
experiiTumts. When Ked DeJicions trees were grown in soil Avhich had been taken from 
orchards where the disease Avas severe and to Avhich manganese Avas added both the nuinbei* 
of plants aft'ect(‘d and the s(w(*rity of the disease increased. Tfonu* Beauty, a A^ariety nor¬ 
mally not subject to the disease, when groAvii in similar soil and similarly treated did not 
become affected, although the tissues took u]) larger amounts of manganese. Red Delicious 
tr(*es grown in soil obtaintTl from locations where the disease did not occur became dis¬ 
eased Avhc'ii rn.'inganese Avas added. The controls in this soil did not contract the disease. 
Red Delicious tre(‘s grown in sand culture to Avhich varying amounts of manganese Avere 
added also becanu'. diseased at tlie higher concentrations of manganese. In all cases the 
disease aj)|)ear(‘d in late summer or early fall and deve]o|)t‘d Avith great rapidity after the 
lirst signs be(*,aine visible. Preliminary ex])eriments indicate that incorporation of limt‘ 
in the soil inhibits absory>tion or manganese and tends to prevent this disease. 

Tfiseases of Teosinfe in Mexico. BORLAurj, N. E. Two smuts have been colhvted on 
teosinte {Euchlaena mexicana S.) in th(‘ vicinity of Amecanu*ca, Mexico. One Avas identi- 
lif'd as I stilago h t Ih rmanii ( Avhile the second has been tentatively classified as Soro~ 
sporiuni. B(»th staininate and pistillate inflorescences and their supporting tissues are 
affected by Sorosporinm, this smut being distinctly different from 11. Kellermanii. Al¬ 
though a. large number of collections of teosinte have been made in various parts of 
Mexico during th(‘ past year, smuts have' been found only in the one area. By far the 
most common diseas(‘ of t(‘(»sint('^ throughout its rang(i in Mexico is h’af rust (Vaccinia 
serghi) Avhich has been colh'cted from Avidely sej>arated geographic ari'as. 

Vaccinia, sttrghi on (Un’n in Mexico. Bokl.M'g, V.. Recent studies have dtunon 
strafed tlie existen<a' of coiji rust throughout Mexico. However, for many years there 
lias l)(*(*n consideratile si'lection for rust resistance on a regional liasis. In 1944-1940 
('ollections of lines and vari(*tit*s of corn from Mexico, tin? L'nited vSt.vdes, Pub.a, Venezuela, 
Hawaii, and (luateinala Avere grown in field tests at Phai)ingo, Mexico. Trenumdous dif¬ 
ferences were observed in their reaetions to races of Vaccinia sorghi in that area. l?eaction 
varied from a high degree of resistanci' to complete susceptibility and early death. In 
general, varieties native to the area in which tests W(‘re made w(*re r(‘sista,nt; lowland 
corns w('re highly susce|»tible and many hybrids, inbreds, and varieties from other countries 
were <'omplelely suscejdilile. 'Die distribution of races of Vaccinia sorghi in Mexico is 
lieing studied along with tin* significam'e of Hie M sjiecic's of Oxalis which rust heavily 
(‘ach year. 

Tahercalaria ('anl* r and Dicbacl' of Vlnias paiaila (.’Airi'KU, .1. C. Tu August, 
l!b»9, branch and tnud; cankers Aven* ob.served on sevenil tre(‘s 4 to feet tall in a com¬ 
mercial nursery planting of 8ib(*rian elm (Jlnias finmila L.j. 8ingle-spore isolations Avere 
made from lihick sporodochia that had (h^velo])t'd in the cankerous lia.rk. The fungus 
isolated Avas a species of Tahercalaria, ajiparently undescrilx'd. S(‘\a*n trunk and IS branch 
inoculations Avi-n* made on i^f Siberian elms on April (>, 1940. lnfi*ction develop(‘d from 
0 of tin* trunk inoculations .and 17 of the branch inoculations, and sul)S(*(picntly cankers 
were prodiua’d. In general, infection Ix'came eA'id(*nt wilhin 10 days and sjiorodochia 
became visible in about -0 days. Hankers on trunks and l)raiich(*s contimn'd to enlarge 
until mid-dmie, at which time callus tissue's Ixgaii to <le\elo]> at their margins. By late 
August many of tlie eank(‘i'H Avere covered Avitli callus. Haukei's produced l»y botli inocu¬ 
lations and iiatiiral infectious failed to enl.arge in succeeding years. Branches whicli had 
Ix'en iiKxMilated gradually died downward from the p(»iiit of iuix-iilation, usually to dis- 
tamx's of 4 to 8 inches by mid dune. 

A Mew Face o/ Cerrospora orimic on Mice, (diir/rov, Sr. .loiix P., ami 10. H. dbrLLis. 
Previous to 1944 tiie rice variety Rexoro Avas resist.aiit to tlx* A^arious races of Cercospora 
ovi/zac known to occur in Ijouisi.Miia and Texas. In li^-II, lliis Aariety A\as loiuid A\i1h 
suscc‘ptible-tYp(‘ lesions. In 1945, the disease had spr(*ad OA^cr m’arly all tlx* Ixmisiana and 
Texas j'icij-growing areas. In inoculation tests, the varioti(‘s Bine Rose, Blix* Rose 41, 
Caloro, ;iiid Fortnna, Avhich art* used to separate the 4 knoAVU races of oryzof, \\vvo 
resistant to cultures of this ucav race from Louisiana and Texas. Texas Patna and Lliie- 
lx)iinet, two new” A’arit’ties rt'centlA" rt'leased, for which Rexoro Avas one ot the paients, aaoic 
both susceptible to the neAV race.* All 1'^ generations in crosst's b(*t\ve»‘n resistant varieties 
and Ib'xoro segrt'gatcd in a d: 1 ratio, with d resistant and 1 susceptible. (Louisiana 
Agricultural Experinu'iit Station and P. S. Departmeat of Agricultui t*.) 
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Genetic Variation in Gihberella zvae in Belation to Adaptaiion. Christensen, J. J. 
As a, Hisiilt of g(‘iioti(' variation a inonoeoiiidial isolate of Gihberella zeac app(‘ar(*(l to 
develop increased tolerance to malacliite green, mercuric chloride, and ethyl mercury phos¬ 
phate. When grown on potato dextrose agar containing various concentrations of tlies(‘ 
toxic substances the fungus produced many distinct variants differing from their parent 
in cultural characters, physiology, })athogenicity, and morphology. On malachite green 
agar some variants grew more* than 100 times faster tlian their parent, while others grew 
at slower rates. These differences have persisted for many cultural generations. In the 
absence of mutation, theie was no correlation between the nuinlx'r of generations a line 
had grown on a toxic medium and its ability to grow on it. However, the source of inocu¬ 
lum had a decided eff(‘ct on the ability of certain variants to begin growdh on a toxii* 
medium. Variant T-U failed to grow readily on malachite grt'en agar when th(‘ transfer 
was made from Smith TTumfeld agar but grew perfectly wadi when t.aken from potato 
dextrose agar. A mixture' of several distinct variants was grown for several cultural 
generations on potato-d(*xtros(* agar; tlu'ii, wdien |?rown on toxic media, the com])onent 
lines assorted themselves so that they could readilfv' be recognized. 

The Effect of Shading TeehnUines on Transmission of Tobacco-mosaic Virus throiHfh 
Dodder. Cochran, G. W. In transmission ex})(*rinn*nts, virus-free dodder, Cuscuta earn- 
jiestris^ established on healthy ])otted tomato ])lants was passi'd through paper barri('rs 
and connected to tomato plants infected with tobacco-mosaic virus. In one exjx'rimeiit, 
75 per cerd transmission occiiri’ed when healthy plants were starved l)y holding in dark¬ 
ness, wdth all growing jmints removed from the connecting dodder. No transmission of 
virus occurr('d to an equal numlx'r of unstarved In'altliy plants connected by unj)runed 
dodder. In another experiment, all dodder growing jjoints were ii'inovt'd after connec 
tion.s w'orc^ establisln'd. All diseased plants and half of the healthy plants were held under 
continuous light, ddie remaind(*r of the healthy plants were starved of carbohydrate's by 
bagging. Dodder connections wi'ia' maintained for 2 weeks. Virus W'as transmitted to 
8.‘{ per cent of the carbohydrate-starv(‘d plants and to (mly 5 per cent of the nnstarved 
plants. The ri'inoval of all dodder growing ])oints n'sultc'd in a channt'ling of carbo¬ 
hydrates and \ irus dirc'ctly .across the dodder stem from j)l,ant to jdant. The diri'ction of 
carbohydrate inoverrn'rit through this dodder channel was api>ar(‘ntly dt‘t(*rmined by the 
carbohydrate* gradient. A high carbohydrate leved in diseased plants and a very low 1(‘V(*1 
in healthy plants favored viius tr.ansmission. 

Hiuff Spot, A Common Contaminant of Stone p'ruif■Virus Cultures. Co('IIKAN, L. (\ 
In host range studies with stone fruit viruses, if we infect a suspe(‘t host of a different 
species with inoculum from a mother pl.ant and, in turn, re]>roduce siniiljtr synqdoms on 
the motlu’r j)lant s])ecies l)y transfer from the infected sus[>ect host, wa* conclude the syiu])- 
toms produced iu tin' suspi'ct host to reju. sent tl.ose of the viius c.ausing tiu' dis(*ase in tin* 
motlu'r plant. This techniipie is not sufficient to show that the motln'r jilant Avas n(»t 
carrying two viruses, om* producing symptoms in the original or mother plant and i*xisting 
latent or obscured in tin* second or sus]x*ct host, whereas the other existing latent in the 
mother plant is n'sjionsible for symptoms in the susix'Ct host, both of which Avere trails 
mitted in each transfer. Tlie ring sp^it virus has been found Avidely existi'iit in lioth culti- 
Aait(*d and wild pruiius species in nature. ^Phis Aurus is a corrijilex w ith many forms, most 
of Avhich produce symptoms only in tin* i-arly stages of infection and some of which inf<*ct 
ci'rtain hosts without symptoms. 8ource ni.aterial of other viruses and commercial nursery 
stock has commonly been found carrying the iing-s])ot virus without visual symiitoms. 
Conclusions draA'ii from work Avith contaminated stock Avill result in confusion in tin* 
literature. 

Intrraction of Some Forms of the Veach-mosaic I'irus. (^oi’Hkan, L. (J., and John 
L. Hue. Extended studies havi* demonstrated the existence of n multiplicity of forms 
of the peach mosaic virus capalih* of j-roduciiig a symptom gradient on Hale peach ranging 
from a severe efl'ect t<* one so mild that di.agnosis is doubtful. Early work indicated that 
forms producing mild effects commonly arise in trees .affected Avith severe forms and can 
bo obtained from mildly affected sport like branches. If trees developed from th(*.se s])ort 
like branches wi*re reinocul.'itcal from the “scA^ere’' ])Oi*tion of the mother tree, no increasi* 
in soAX'rity of symptoms rc'sulted. Bodino found that mild forms protect agJiinst sevoje 
forms from the s.anie locality in Colorado. In many cornliiimtions the authors have ob 
tained conflicting results. A mild form arising in Texas inhibited symptom production 
by a severe form from Tvx:\s but failed to interfere with a severe form from Arizona. 
Bimilarly an Arizona mild form ])rote('ted against the Arizona severe form but failed to 
inhibit the J’exas severe form. In other combinations mild forms variously moderated 
the symptoms of sc'veia* forms as com]>ared with checks. It thus appears that the peach- 
mosaic virus is a conqdex of variously related forms wdiich compete in peach. 
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A Ji lit and Boot Hot of Asparag uh officinalis L. var. alfilis L. Cohkn, Syr.vAN 
Trvin(].^ lyiisarinm oxysporym f. asparaffi causes a root rot and vas<*iilar vvilt in asjiaragus 
in the Tjiiited States which is distinct from a foot rot in Germany caused by F. cidmorum. 
It may affect 25 to 50 per cent of a planting, producing yellowing, stunting, and wilting 
of th(‘ growing stalks. Vascular discoloration occurs within affect(*d stems, roots, and 
rrowns, and it is associated with reddish brown lesions and rotting. When nurseries arc 
(‘stablished in contaminated soils, a .severe damping-off occurs in circular areas. Single- 
s])ore isolates of tin* fungus from Washington, California, and South Carolina proved 
to be morphologically and culturally indistinguishable and were equallv pathogenic. A 
soil t('mperatnre of 28^’ C. and sandy soils favor the develoimumt of the disea.se. Because 
of the anatomy of asparagus, sev(‘re symjdoms may appear one year and not the next, 
although the i)lant is still infected. No effective control measures are known. Observa¬ 
tions of field plot>« reveal that fertiliz(‘rs have no significant ('ffect upon the dis(‘as(‘. 
'twelve species and varieties of the genus Asparayus ])roved equally susce])til)le. What 
a]q)ears to be the same disease has hccn reported since 1908 as ‘‘.stem rot.” “dwarf 
aspai agus, ” “ stem canker, ” “ root rot, ’ ^ and ‘ ‘ wilt. ’ ’ 

Plant Pafholoyy in the U. S. Navy in Wartime. (^ooK, TTarold T. Duties performed 
by the author while an officer in the IT. S. Navy in the South and Central Pacific areas in 
World War II demonstrated that the training and ex[)erienc(‘ of ydant jiathologists may 
lie applied iirofitably to problems of ])roduction, yirocurcment, and handling of food .su)) 
plies for the Armed Force's and indicated that i»1ant ])athologists may be used efficiently 
in th(‘ Armed Forces in future wars. Duty in the South Pacific was to organize and direct 
inspi'ction of fresh, canned, dediydrated, and quick-frozen fruits and vegetables obtained 
from New Zealand. This involves! prepjiration of spe*cifie'atie>ns, training and .sujiervisiem 
of inspectors, and establishment of preicedures anel jiedicies. Additional duties were to 
iueu'ease proeluction and develop inqn-oved metheids of harvesting, jiacking, and storing, 
Surve'vs were maele of tlie* availability eif ce*rtain food su])plie.s. A manual fe»r eaiol storage 
ami handling of frexsh vegetables was prepared. Refrigerated shipments tei the* Feirward 
Arenas were studied and iiiqirove'd metliods eif loading and handling such cargoe's we're* 
instituted. Assignment in the' Ce'utral Pacific was tei command a Naval I'nit emgaged 
in greewing fre'.sh vegetables on the islanels. Productiein in those areas involve*el numerems 
cultural, disease, anel insect problems. 

Jlvlmintliosporhrm Foot Hot of Barley. Dk’Kkon, J. G. In 194T5 and 1944, barle*y 
yields we'ie low throughout the North Central spring-barle*y are'a, whe'ro Wiscemsin Barl»- 
le'ss occupies me)st e)f the acreage. liate sowing and e*onditious favorable for attack by 
]felminthosporiyni satirnm Pam., King, and Bakke- we're* among the fae*te)rs that ap]>ar- 
c'Utly acce)iinte‘d for this barley failure. Tenn>e‘rature* anel moisture e‘X])erime'nts in the 
gre'enheiuse have elemonstrate'd the iinportane*e e)f If. .wtivifni foot rot and the re*lative sus 
ce'|)tibility of Wisconsin Barbless in contrast to that, of Oderbrue'ke'r. The iue>culurn used 
was a ceunpeKsite of If. salivnm culture's isedate'd from barh'v kerne'ls obtaim'd thi‘e)ugh the- 
are'a in the 2 ye*ars. (-lean se*eel e)f both varietie's was imx'ulateel with a conidial susiee'iision 
.•ind sown in soil, after which the fungus growing on oat hulls was ine-enpe)r;ite‘d into the 
surface^ laye*r of the soil. Tlie’ plants were grown in the greenhouse to the fully headed 
stage at 52^' anel at 70‘- F. in moderate'ly elry and we*t se)ils. Me)istur(* was maintaineel 
by .subirrigation. Tn both varieties, le*ss se‘e*elling blight occur reel at the leewer tempera- 
tuie anel in tlu> drier soil than in the we*t soil at the higher temperature*. At 70'^ F, foot 
rot was .severe in both the moderately dry ;nid we't soil, ()ele*rbrucker liaviug (>9 per ce*nt 
healthy plants in contrast te) 15 per ce'ut in Wisconsin Barbless. At 5‘2 ’, Oderbrue'ke'r 
had 91 per cent he'althy ])lants and Wisce)nsin Barble'ss 81 ])er cent. (Wisce>usin Agricul¬ 
tural Fxperiment Statie)ii and S. De']>artinent e)f Agrie-ulture.) 

Spread and Control of Oak Will. Dietz, 8. M. and James W. Bakke'it. Oak wilt 
has be'en founel in llline)is, Fowa, Minne'sota, Missouri, anel Wisconsin. 4Jiis eiisease, 
cause'd by Chalara e/j/em/nx ITe^nry and First ircorded in le)wa in 1952, occurred thremghout 
the State* in 1944 and 1945, l>eing most severe in the* e*aslern part. It h.as l>een e'jeiphytotic 
em Quercus alha, Q. Iwrcalis maxima, Q. eiUpsoidalis, Q. imhriraria, Q. macrocarpa, and <?. 
vvlntina. Using Koch postulate's, the 13 species of oaks recorded as native* te) levwa have* 
bee'll ])re)ven as hosts for Chalara qnercina. The rate of spread, which occurred in con- 
ce'utric zeines from the initial point of infection, varied Avith the season and tlie .si>ecies of 
oak. Initial infection is in the crown of the tree and the fungus preigressively infects 
leaves, stem, and roots. Tlic fungus spreads more rajiielly in reel eeak tree's than in white 
or burr oak. The svmptoms varied with the species of oak. The fungus rarely over¬ 
winters on red eiak, usually ein white and burr oak. Tt has been iseilateei re|)eatedly from 
ele'ad twigs fi months afte'i* infected tre'es were felled. For 2 years various sanitation 
metheids have e'hecked anel sometimes contrclleel the spread of oak Avilt, 
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Iniprovenunt of Ascorhic Acid Content in YcUoivs-rc.swtant Cahhage, Foster, K. E., 
and J. C. Walker. Individua] pljiiits of wsuveral standard or improved varieties of cabbage 
homozygous for the gtuie for type A resistance to yellows were crossed with individuals 
from a Wisconsin All Seasons line high in ascorbic acid content but containing only type 
B resistance to yellows, l^i :md Fo progenies were studied to obtain individuals witli high 
vitaJiiin C content, desirable varietal type, and ty^pe A resistance to yellows. Ascorbic acid 
content was controlh'd by multiple factors. Breeding lines of cahbage varied in the num¬ 
ber of factors controlling this character. Transgressive segregation toward increased 
vitamin C content was apparent in some of the F« progenies. By use of the individuals 
selected, there may Ix" developed lines of several commercial varieties having a greatly 
iiK'reased ascorbic acid content as w('ll as homozygous type A resistance to yidlows. 

Differences in Dipioid Lines of UsiUago ^eae. Gattani, Mohan Lal. Several dip¬ 
loid lines ap])t!ared in the progtmy of cross 410, between the rtdativedy stable liaploid line 
10A.1 and thi^ mutable haploid line 171),. 8even dipkid lines differed from the parents and 
from each other in the following characters: 1) apj^earance on nutrient media; 2) rate of 
growth and enzyme ])ro(luction; :V) .adaptability to arsenic and malachite green; 4) ability 
to cause anthocyanin production on 4 .selfed lines of corn; fi) ])athogenicity on corji plants. 
One of the diploid lines, 410qq, intermediate between the i)arents in most cultural and 
physiologic characters, Avas mutal)le like the 171)., parent. Numerous niutations were 
induced l>y growing 410qq on media containing lithium, arsenic*, or uranium. Home of 
these mutants closely resembled the mutable haploid parental line 171), or its haploid 
mutants; moreover-, some' of the mut.ants of the diploid 410qq were ha})loid, as indicatt'd 
by their inability to infect corn plants jilone. When tligpc' mutants Avere jjaired Avith lOA.,, 
howoAW, normal infection resulted, thus indicating that dissociation of diploid line 410qq 
resulted in the production of haploid lines similar in many resj)ects to 171),, OTie of the 
original parents. 

An Aotinomyeete Indncing JVood Necrosis and Gnm fnosis in Citrus. (Jot)FREA', (1. H. 
An unidcntiti(‘d Actinomyces-like organism produces a distinctive ty|)e of plant disease- - 
a Avood necrosis and gumrnosis of citrus trees—-which is th(‘ most .scu’ious citrus tree dis 
ease in the LoAver Bio Gr;inde Valley of Texas. Tlie symf)tom is meandering band of 
necrotic Avood, well beueatli the bark. It is light ochraceous buff to ochraci'ous buff 
(Hidgway), bordered in the rc'gion of advancing in£(*ctiou by a narrow band that is 
apricot orange to rufous. Where an advancing band grows* outward to the cambium, 
that tissue is killed, the bark cracks, and gum exudation varies from slight to extrenu'. 
This is th(‘ prominent extern.'d symjdom of tin* disease. Severely affected l)ranch('s are 
killed, and after infection has sprt'ad well into the wood in the trunk, tin? (uitire tree' 
dies. Histological studies show tlie organism, with A'ery small but clearly defined hyjdiae 
and spores with dimensions within the range of bacteria, to be* ,'ibundant in aff‘ect(‘d iis 
sues. It clogs the >:ylem tul>es and invades the cells in tlie UK'didlary rays. Inoculations 
into healthy branches have consistently ri'prodiicixl the disease. Frogress has been made 
on control by (I) lU'uning off' b;idly affected branches, (2) ex(*avating affect(‘d Avood 
and treating the exposed hoaltl.y Avood Avith a penetrating disinfectant, (.1) ])r»‘V(‘nting 
ncAv infections by avoiding Avonnding of the t»ark and by treating all pruning Avounds. 

Control of Decay in Citrus Fruits. Godfrey, G. IT., and A. Tj. Byall. In a six-year 
series of t(*sts for DIplodia stem end-rot control, chietly on hunons in tin* Lowcu’ Bio Grande 
Valley, thiity mattudals were u.sed. Most of them were unsatisfactory. Sodium ethyl 
meicuritinosalicylate (Merthiolate) throughout the series consistmitly gave nearly perfect 
control, and it Avas us(h 1 throughout as a standard for comparison Avith other materials. 
In 21 tests in concentrations of 1 to 10 and 15 thousand it ;iy(‘raged 1.2 jx*r cent decayed 
fruiUs with many of the tests giving perfect control, wlnni checks avc'raged 27 ])er cent 
stem end decay and ranged from 5.5 to 80 per cent. Iffienylmercuri 2-2-2 nitrilotriethanol 
lactate (Fin’atized N5.tj) ;ni(l Thi()ur(‘;i ;ilso gave good control. Sodium orthopluniyl- 
phenati* Avas l(‘ss efficieut and requinnl thorough rinsing aften* tr(‘atment to .‘ivoid serious 
chemical injury. Saturated borax solution and 5 ])er cent sodium metaborato both gave 
fair control but had a tcuuhmcy to cause dull fruit and sometimes e.'vrly Avilting and 
shrivelling. The treatments that Avere most effective in the control of Diplodia stem-end 
rot nsnally also rcxluced the blue and green molds (PeyiiciJtiuni spp.) ; but in occasional 
lots in mid-winter such di'cay was high in spite of clicmical treatments. Ilic use of 
diphonyl-inipregrialed tissue as fruit AATni)s reduced blue mold to a point well lielow that 
occurring after fruit-dip treal.meuts alone. In a tyi)ical case following sodium metaborate 
dip; there was 46.4 per cent blue mold in jdain AATaps and 6.7 per cent in diphenyl wraps ; 
folloAving Merthiolate there* Avas 29.4 per cent in plain and 7.8 ]»er cent in diphenvl Avrajis ; 
in tlie checks there Avas 56.7 per cent in plain and IU.7 jier cent in diplu*nyl. 
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Spcciea of liumrium Imlaied from Samples of Cereal Seed in Canada, Gordon, W. L. 
A total of 18 species, varieties, or forms of Fusarium representing 9 sections of the genus, 
were isolated and identified from 1579 surface-sterilized seed samples of wheat, 11»52 of 
oats, and 1042 of barley produced in the 8 seed-inspection districts in Canada during 
1939 through 1^143. Fusarium pone, P\ sporotriehioides, F. avenaceum, F, equiseti, 
F. scirpiy F, scirpi var. aeumwafum, F, milmornmy F. (jraminearwm, F. samhucinum, and 
F, oxysporum were isolated from samples of wheat, oats, and barley; F. scirpi var. com- 
juictum and F. moniliforme from wln‘at and oats; F. sambuebrum,'form 1 and F. solani 
from oats and barley; F. arihrosporioides from wheat; F. lateriibim from oats; F, semi- 
teoLum var. majus and F. equiseli var. btdalvm from barley. Fusaria occurred in a 
greater percentage of the samples of oats and barley than of wheat; and in a greater 
]n*rcentage of tlie samjihis olitained from Eastern than from Wi^stiMMi districts. Only a 
small percentage of the seeds of the 3 croj>s harbored Fusaria, the highest proportion in 
any of the districts being 2.H per cent of tin* seeds of wheat, 8.5 ])er cent of oats, and 7.1 
per cent of barley. 

Coulrol of Fusarium Wilt of Tomato with Tiithane. Oo'rrLiEii, David, and J. W. 
TIei JJEROER. l*r(‘liminary experim(‘nts with soils in pots in the greenhouse were made on 
the use of Dithane (disodiiun ethylene l>isdithiocarbamate) to control tin* Fusarium wilt 
of tomatoes. Dithane was mixed with inf(‘sted and noninfest(‘d sassafras loam soil at a 
rate approximating 100 lbs. })er acre. The average emergence of tomato seedlings was 
24.4 per cent greater in tin; treatcnl soil than in the clu*cks. In the same experiments, 
95.3 per c(‘nt of the plants in noni rented infe.st(‘d soils wilted, but only 19.3 per cent 
wilted in those infested soils which contained Dithane. Wlnm s(‘edlings were transy)lanted 
3 months latc'r to tln'se (‘xperinn'iital soils, 88.3» per cent of tin* {dants wilted in the non- 
treated, inf('st(nl soil and les.s than 1.0 tier cent in tin; Dithane-tri*ated, infested soil. 
'JMiis indicates that the fungicidal effect of tin* Dithane* may last for some time Avith 
jioi'inal grc'enhouse watering. In noninf(*sted soils the fungicidal treatmeiit did not 
])revent or rediicr* the germination of tomato seeds, but seedlings were stunted when giown 
in treated soils. 

Poly modal DosayePi spoust Curve hrlweeu (hdriu m-fu)lassium Falio and Potato 
Scab, (tries, Georoe A., James G. Horskaei., and Tl. G. M. .Iacorson. The liti'raturo 
on ecology of |)otato scab r(*cords disagreement as to relativi* im])ortance of hydrogen, 
calcium, and potassium ions. Experiments have been made on 2 soil types in 2 years w'ith 
calcium a.s sulphate ;rnd carboiiati*, and hydroxide* and i)otassium as sulphate and chloride, 
'flu* iucideiuM* of sc/il) was measur(*(I by grading the tubers on the l>asis of ])erc(;ntage 
of area sca])b(*d. The; dis(*as(* bore the exjeected relation to hydrogen ions, but wlnm ])TT 
was constant, the curve* for })ercentage of scab showed several mod<*s of high scab vS('pa- 
ra.t('d by ‘ G alleys ’^ of low scab as the applied (‘!a ~K ratio increas(‘d in 3-fold units from 
0.07 to ‘180. In that range there ap])eared to l>e about 3 peaks spaced alanit 9 fold apart. 
33ie curves inabdied well in l)oth y(*ars if the ex])erimental variables AV(*re held constant. 
Alt<*ration of soil ty])t* or the cation, however, altered the position of the peaks and 
valleys. The basis for tlie polymodal curve seems to be that calcium and potassium act 
antagonistically in the j)roduction of jxdato scab. The degree to which they antagonize 
each other aj)p'arently (h'pends on the relative amounts of each. The occurrence of poly¬ 
modal curves is not luicommon in biological res(*arch where 2 antagonistic factors such as 
II and GH an* Aaried simultaneously. The 2 factors need not be nec<*ssarily antagonistic 
so long as their eff(*ct.s do 7 iot alter at e(|ual rates Avith dos.‘ige. (Purdue UniA^ersity Agri- 
<'ultural Experiment Station and Gonnecticut Agricultural Expt*iiment Station.) 

Burn-Jiiifiht of Jack aud lied Pine Followiny Spittle Insect Injury. Gruk.miaoen, 
K. IT., A. J. Piker, and C. Audrey RuaiARD.s. A serious disease, tirst brought to atten¬ 
tion in 1941, has been killing Jack and red jrine ])rogr(*ssi\ely from top to bottom. In 
iiorth(*ast(‘rn Wisconsin tlie dam.age now ext(;nds oAcr (iOOb acres on (*4 are.as in 9 counlie.s. 
Evidence, which included completing Koch Is postulates with 0 single-spore isolates, 
show(*d Chilonectria cucurhitula (Gurr.) Race, to be the causal agent. The disc'ase u.sually 
followi*d in.iury liy the Saratoga spittle; insect (Aplrropiiora saratoffensis Fitch), wliich 
carried tlie fungus and introduc(*d it AAdiile making numerous tei*ding ]ninctur(*s in the 
twigs. 33iis inseed; Avas active fremi e‘arly .Inly through Septembe*r. However, the* fungus 
usually ;ippe‘;ired to incubate e)ve*r fall anel \vinle*r anel ineiuceel most ra])iel necrosis from 
April‘to mid July. Although the fungus usually emtered through s])ittle insect-f(*eding 
]mnctures, it Avas feiunel deve;]oping fremi Avounels cause‘el by othe*r agenciexs. Jack pine 
on a poor site, e»ve*r a 14 memth ])e*rie)el, had OA’er 100 time;s meire* elisease than compaiaide? 
ti'eeis on a good site. Sewere toj) ami branch ])runing elid neit increase the* incidemce? of 
disease on Jack pine. The; most jiromising immediate preventive* seems to be; coiRiol ot 
the insck*t Vector. (TT. S. De*partment of Agriemlture*, Wisconsin (conservation Depart¬ 
ment, and Wisconsin Agricultural Experiment Statiem.; 



400 


1 *11YTOPATH OLOG Y 


1 VOL. :j() 


A New Race of Ustilago avenae. TIansino, E. T)., E. (S. Heyne, and T. R. Stanton. 
A collection of loose smut was made from Eultex oats in Kansas in 1944 and identified 
as a new race in 1945. It is cliaracterized by the resistance of the smut testers, Black 
Mesda^, Larj»;o JIulMess, Red Rustproof, and Fulghum (0 to trace smut), and the sus¬ 
ceptibility of Richland, Monarch Belection, Green Mountain, Joamdte, Victoria, Canadian, 
and Monarch (49 to 95 per cent smut). Of new varieties of oats distributed during the 
last 7 years or now ready for distribution to growers, Bonda, Mindo, Neosho, and New 
Nortex wer(‘ highly resistant, having no smutted panicles. Goldwin, Benton, Clinton, 
Marion, and Mission were moderately resistant (1 to 5 ])er cent smut), whereas, Osage, 
Vimtura, and Forvic were intermediate in susce])tibility (9 to 2(> p(‘r cent smut). Boone, 
Vicland, Cedar, Tama, Florilee, Fultex, and Traveler, all Victoria-cross selections, were 
highly susceptildo (74 to 99 ])(W cent smut). Regarding other varieties tested, Mark ton, 
Biunker, Bond, and Navarro were highly resistant (9 to trac(‘ smut), whereas, Kanota, 
Fulton, Trojan, and Oto(‘ wen* moderately resistant (1 to G per cent smut). (Columbia 
was intermediate in susce])tibility (22 ])er cent sirfUt). Of hybrid oat selections in the 
Kansas Advanc(*d Yield '^Pest, tlie Cooperative Uniform H])ring Sown Rt‘d Oat Test, and 
the Cooperative Uniform Oat Smut Nursery, ()5 of 195 selections were r(*sistant (9 to 1 
p(*r cent smut) to this race. (Kansas Agricultural ExjK'riment Station and IT. S. l)ej>art- 
ment of Agriculture.) 

Effect of Buyrt on the Devrtopment of Seedtinp Blight and Foot Bot of IVheat. 
Hanson, E. W. Ceres and TTlka wheat pl.ants from seed inoculated with a mixture of 
sev(*ral rac(‘s of Titletia foetidci, and T. caries develo])ed more seedling blight and foot rot 
than plants from seed not inoculat(‘d witli bunt when grown in tin* field or in nonsterile 
Held soil in the gr('enliouHO at St. Paul, Minnesota, in 1915. .Vll ex))eriments wt're of s])lit- 
j)lot design and included 8 r(*plicati()ns. Seedling-blight infection ratings inert^ased from 
an average of J2 p(*r cent in noninocnlaled ])lots to 49 per ctnt in imx'ulated plots. Simi¬ 
larly, foot-rot infection ratings increased from 51 ])(*!• cent in the checks to 72 per cent 
in the j)lots inoculated with bunt. The combined effoct of bunt infection and set'dling 
blight caused an average reduction in seedling vigor of 15 per cent, as indicat(*d by grt'en 
wcMght, and a r(*ducti()n in se(*dllng st.and of 8 per cent, as comf)are<i with j)lots not inocu¬ 
lated with bunt. 44ie average stand at maturity in plots having both bunt and foot rot 
was K) per coFit less tlian for j)lots having foot rot only. There was no significant effect 
of Inint on tin* average nunib(*r of tillers per plant. (T"nit(‘d States l>e|)arlnu‘nt of Agri¬ 
culture and Minnesota Agricrdtural Experiment Station.) 

Effect of Fusarial Read Blight on the Development of Bind of Wheat. Hanson, 
E. W. Fusarial h(*ad l)light re(iuc(‘d tin* ]n*rc«*ntage of heads with bunt in 92 out of 119 
hard red spring and durum wh(*ats in preliminaiy exjievijnents at St. Paul, Minnesota, in 
1945. l)uj)licat(' series of th<* wheats wc’^e inocnlat(*d with a inixturi* of sev(*ral races of 
Titletia fort Ida and T. caries and sown in .adjacent field ])lots. Both plots were treated 
i<lentieal1y until the wheats reached tlie he.’iding stage when one ])1ot w.as spi.ayed .‘ilmost 
every evening with .a. spore susjx'usion of Gibberelta zeae and Fusarimn spp. until an 
e]>idemic of ln*ad blight developed. The other |dot was not sj)r.ayed, Tlie reduction in 
smutted ht*;jds due to the presence of load blight varied from 0 to 48 j)(‘r cent, d(‘])ending 
on the v.ari<‘ty and on r)ther factors. (V. S. Dejjartmeiit of Agricultun* and Minnesot.a 
Agricultur;iI Experimen 1 Station.) 

Jtecent Changes in the Bteninist Bltnation in Mexico, Hakkau, ,1. G., W. Q. Loegkk- 
ING, .and E. (^. Stakman. For more than a decade the distribution of rac(*s of Pnccinia 
gram,inis tritici in Mexico has differed iji different regions. Poj)uIation trends of races in 
Northeastern Mexico have ])ar.allele<l fairly' closely those in tlie United St.ates. Hi the 
southern wheat-growing regions of Mexico, on the other hand, only races 58, 59, and 19 
liave occurred in .a]»preciabie amounts, thus indicating relatively lit tit* effective interch.ange 
of inoculum between Soiith(‘in and Northeni Mexiciu in 1945, however, rac(*s 59 and 17 
wt*ro found with sufficient freipiency to cause apj)reh(*iision th.at they may be establishing 
themselves in 8outlu*ru Mexico. Moreover, mco 8 of P. graminis avenae was found in 
M(‘xico for the first time in 1945 and was present as far south as Mexico (^ity, when* it 
caused heav'y infection on certain varieties that derived their stem-rust rosistaiici? from 
Richland oats. A number of unusual races of P. graminis tritici have lieen found oeca- 
sionally. It had been suspeeted but not proved that native species of Mahonhi might rust 
at high el(*vations .and result in the jiroduction of such rac(‘s. This susjiicion was con¬ 
firmed in 1945 when the unusual race 10 was isolated from heavily rusted Mahonia bushes 
growing in the mountains ne.'ir Mexico Pity. (Rockefeller Foundation in Mexico, U. 8. 
I)(*partment of Agrieultuia*, jind Minnesota .\gricuUural Ex]»erimeiit Station.) 

Field and (rreenhonse Studies on 1i> Tobacco Hybrids and Varieties. Henderson, 
R. G. Seven commercial varieties of flne-cur(‘d tobacco and 9 lines resistant to root rot 
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( Thirlaviopsis basirola imd oUwr orj/unisiris), s(‘lect(*(l fioin tlu* progonv of nossos Botwoon 
eoinniercial varicticH arid Tiirkisli tobacoo, were plaiitod in l/HO-acro plots of soil only 
lij 4 'litl}^ infoHt(‘d with loot-vot or^aiiisiiis. Plaiit liciglit and l(‘af Joii^th and "width woro 
nieasurod 5 tinn*s duiirijir the season. Leaves Avere harvest(‘d, cured, and jrraded in tin* 
usual nianner. I la tits of each of the lb varieties were grown in ]M)ts in tlie greeiihousc? 
under conditions favoral)l(> for root-rot infection. When about (> indies high, plants wana* 
reniovc'd from the pots; the roots vveia^ carefully washed, inspected, ami scored acco]*ding 
to tlii'i sevi*rity of infiadion. Six liybrids were highly resistant and If were internu‘diate. 
One conimiMcial variety, Yellow Sp(‘cial, was moderatidy resistant but all the otliers were 
very susceptible. Tn the field, all of the resistant lines had widcT leavt's than the suscepti- 
Ide varitdies, but leal width was not directly proportioned to the degree of resistance. 
Since root rot was not a serious factor in the field test, the d(‘gree of ri‘sistance waas not 
r(‘fi(’cted in the yields. 


Seed Treat mini and Othir Trsts with, i^oi/hcans in Ontario. lliran-nRAND, A. A., and 
L. W. Kocii. In a --year stnaes of field ex])eriinents involving plots yilanted by hand in a 
randomized, five-ri'plicati! design, the enicacy of Spergon (3 oz. pei* bn.), Arasan (2 oz.), 
and Fin-inaio (2 oz.) was tested on seed hhs of the vai-iety, A. K. Harrow, which differed 
widely as to germinability, disease ])Otentiality, and degree of seed-coat iniury. With poor 
quality seed and tln^ cra,cl<<'d coat fraction of an otherwise high-(iuality *se(‘d, Spergon 
acci‘lerated and increased eineigeiice of se(*dlings and increased yield. In no otlnu* instance 
was increased eiiKwgmice correlated with statistically significant increases in yield. Whili* 
the benefici.'il effei't of 8|)ergon was consistent so far as si‘ed of low (piality or danniged 
S(^ed w'er<* conceriu'd, such was not the case in regard to seed of high quality. Syiergon w^is 
consistently more effective than Arasan or FiU'inate, however, in reducing the incidence 
of disease* or almorinality in ear]y-s(‘ason stands of yilants. R(*sults indicated a conqdete 
lack of correlation lietween yield and stand of plants, the stamls difl’ering numerically by 
a ratio almost as high as 4:1. 

TV if tin If Jndnci'd in Tomato Cnttinif.'i by Toxic Substance from Crown r/all TUicferia. 
Hodgson, Kodand, W. H. I’km'khso.n, ond .\. .1. Rikkk. St(*riliz(‘d filtj'at(*s from fermented 
cultures of Phytomonas 1 nmefaciens (Smith and Town.) Herg(*y et at. induceul a Avilting 
of tomato cuttings, w'liich affected largely tin* leatlt*ts, Avhili* tin* stems and ]ietioles re- 
main(‘d turgid. Under st.andardized e'omiitions, the ayiynoximate quantity of toxic sub¬ 
stance in til(rat(‘s Avas nn'asured by an assay involving filtrate* conemUration, solution 
intake, and severity of Avilting (toxic index). The* substance causing tlie Avilting Avas 
thermostalde in neutral serlution, mmvolatile*, re*l;itively insoluble in most organic solvemts, 
and elialy/able*. After alcoholic fractionation of the filtrate, much of the toxic activity 
was found in a concentrate* consisting large'ly of a previously studii*d glucosan. Sewe'ral 
te*sts indicated an association betweem toxic substance and the* y>ol,VHaccharide. There‘fore*, 
the ]mrifie*d glucosan (|>reviously reyMirted) was te‘ste*d and found to account for a. large 
jiart e)f the* toxic activity. Inulin and soluble star(*h (th4 ]M*r ct'ut aqne'ous solution) also 
induceHl similar effects. An accumulation of yiolysaccharide* Avas found in tlic le*aves of 
('uttings wilted by the filtrate's; this accmnulatioii Avas gre‘a,te*r in the* Avilted yiortions than 
in the* rumwilteel yiortiems e)f the* le*;ive*s. 

The Physiolopy and J\tthoffcnicity of Strains of Corticinm solani. HorsTON, Hykon Th 
A ])liysiologic anel |):ithoge*njc comyairison was made* eif a numbe*r of isolate*s of Carticinm 
solani (Prill, and Del.) Hemrd and (hilz. {h’hi~octonia .solani Kiihn) obt.'iined from a wide* 
rjinge of hosts. The fungus require'd small quantities of zinc, irein, copper, and manganese* 
for niost, rjipiel grOAvth in a syntlmtic nutrient solution. No othe'r micro element Avas 
femnd to intluence the growth rate at a leve*! below th.at of toxicity. Zim* ami iron y)rove*d 
most imyiortant ; hoAve*\’e*r, neilhe'r zinc nor iron alone* eir comb'neel inelivielually W'ith e'Oyiyier 
anel manganese* signitieeantly incre*aseel the groAvth rate*. Only avIu'ii both zinc anel iron 
Aven’e*! yiresent elid cojipe’r anel manganese furthe'r accehn'ate the* greiwdh rale\ lsolate*s Anrie*d 
in abilitv to utilize the varieius carbon ;niel jiitroge*n source^s e'uqdeiyed. The h(?xose sugars 
were the most readily available* forms of carbem. Additions of certain amino acids 
acct>le*rated growth p.articularly during the early .stagns. Isolates difee*red in pathoge¬ 
nicity. Henne Ave*re* completely non])athogenic on all hosts tested; some had a high degre*e 
e)f sylecializatiem, being yjatlmgenic on only one host; and others were yiathogenic em ne'arly 
all hosts. 

The Afode of Vector Feediny and the Tissues Involved in the Transmission of Pierce^s- 
diseasc Virus in Onipe and Alfeitfa. Houston, Hyron R., Kam’Hkkinf I'jSAU, anel Wai. 15. 
Hewitt. Fe*eding ymnetures of the feillowing vi'e-tors of Pieice’s-disease virus on grayie 
and alfalfa wt're* studied: adults and nymyihs of Draeeularephala minerva Ball anel Neo- 
Icolla circellata Baker; adults of Uelochara delta Oman and Carneocephala fnli/ida Nott. 
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All vectors sou^rht the xylem tissue in the process of fe(‘(ling. Tlio mouth parts readied 
xylem throiigli the phloem or through the medulhiiy ray. They passed between or directly 
through cells, including the tracheary elements. Using />. minrrva on grape, 8(5.8 per cent 
of the punctures studied reached the xylem, with 32.8 per cent of these passing through 
the phloem. On alfalfa 90.1) per cent of 451 jmnetures reached the xylem, and 15.6 per 
cent of thes(‘ did not in.pirt^ the phloem. The vectors transmitted the virus only when 
xylem tissue could be reached during the feeding process. Confinement of the 2 species 
of viruliferouH vectors, 1). minervn and C. circdlala, to various portions of healthy grape 
and alfalfa plants resulted in the following percentage transmissions: whole plant, 82.1; 
whole stem, 80.0; exposial xylem strip, 65.1; pliloem stri}), 0.0. This appears to be the 
first re(‘ord of insect transmission of a virus diri‘ctly into xyhun tissue. 

Comparison of Several Funf/icides as Dips for Seed Sweel Votaioes. Jeffers, W. F., 
and (h E. Cox. Various fungicides have been studied as preliedding dijis for Maryland 
(tolden seed sweet ])Otatoes under fiehl conditions-f Several of the newer organic, fungi¬ 
cides wore superior to the generally recommended treatments. None of the newer mat(‘- 
rials C()ntroll(‘d black rot better tiian did tln‘ standard tri'atmcnts. Ifow^ever, they did 
not cauH('i the delay in sprout jiroduction or decri‘ase in the numlier of sprouts usually 
associated with dips of bichloride' of mercury (1-1000), Hemesan Bel (1 lb./7.5 gal.) and 
borax (J lb./5 gal.). Outstanding during 2 seasons were S])(‘rgon (1 lb./4 gal.) and 
Fhygon (0.5 lb./4 gal.). In 1945, Fermate (0.5 ll)./4 gal.), Zerlate (0.5 lb./4 gal.), Thio- 
san (1 lb./4 gal.), Purati/.ed N5E (1-4500) and Isothan Q15 (1-4500) also significantly 
increased the number of healthy sprouts ]>roduc(*d. 


Field, Studies on the Mild St real: Disease of Blaelc Raspberries. Jeffers, W. F., and 
M. W. Woods. During tlio past 10 years, mild streak has liecomo the most siu’ious disease 
of black raspberric^s in Maryland. Ajiparently virus in nature, its typical symptoms con¬ 
sist of dark-grei'u or ])urplish, water-soaki'd streaks on new canes; curling of leaf tips; 
and dry, seedy fruits. For 4 years careful records have been maintained on tin* spre.ad 
of mild streak in a planting originally streak-free. During this time the amount of the 
disease increased from 1.5 per cent in the first fruiting season to 46.7 per cent in 1945. 
Although infection at the end of the first season Avas rather uniformly distributed through¬ 
out tho planting, tlnu'e has been a much greatm* increase in disi^ase incidence in the end 
of the field adjacmit to an uncultivated area than in the end of the field surrounded by 
cultivated land. 


J IHrns Complex in Erynpium. Johnson, J Am es. Sea holly (Frynpium aquaiicum 
L.) is an umbidlifcrous perennial species soiiietimes groun .ms an ormimental. The pres- 
ivnce of naturally occurring mosaic-like lymptonis suggested inoculation to tobaci'o for 
virus determination. At le.ast 3 different viruses were luc^sent. One of thi:se virusi's, 
whicli at first contused <*fForts at isolation, was a mild or .attenuated form of the common 
to'liacco-mosaic virus. Frynaiuni is, liowevev, not very susceydible to this virus or to non- 
attenuabal strains; no distinctive symptoms an* evident; tin* jirogress of the virus in tlie 
host is very slow and its concentration is often v(‘ry low. IJio more <‘ommon virus in 
Frynpium is apparenily now, although it yiosscsses many similarities, in projx'rlies and 
host range, to the viruses of Uni cucAiniber-rnosaic group. Protectiv(* inoculation tnsts, how- 
mar, do not suggest any relationship to ordinary cucumlxr mosaic, and dilTerential’liosts 
do not indicatii relationship to the d<‘lphiijinm- or celery mos.Mic viruses, Avhich the new 
virus resembles in other respi'cts. A third virus producing almost uniform chlorosis over 
tin eut're area of tobacco h'aves is occjisirmally |)rt*seiit in Frynpium. 

li aler-cem pest ion and In] (dion F.rpnimenls eni Varions Fleint Species. .Johnson, 
James. iVatural Avater-cougi'stioii Avas induced in plants of 30 sp(‘cies after exposures of 
1 lo 24 hours in a moist cliaml)er. Barley, corn, b(*;rns, tomatoi-s, tobacco, peas, and Avheat 
AV(‘re congested most readily, but diflereiices betAV(*(‘u ;ijid Avitliiii varieties were* coimnou. 
Alfalfa, clovel, «eh’ry, .iiid c.iiiof \\(*r(* aiiuuig 2() oth(*r spechi.s iu whic'h there Avas no 
macroscopically visible e\'ideiice of coiigesticm. Outdoor-growa plants g(*ncrally congest(‘d 
more e;isily and Avere imo-c liighly predisposed to infection Avitli representative pamsites 
tliau greenhouse-growu |daiJs. With tob.Mcco, 100 per c<*nt of the outdoor gi-owii iilaiits 
congested readily and were iufc'cted with tin* wildfire org;iiiism wilhout Avouudiug wliile 
tliere wMis no infi'ction on tin* greeulmuse grown controls exposed in the moist c]jauil)er 
at the same time. Etforts to rejiroducc the favorable ‘'outdoor coudiUous’' in tlio gr(*eii- 
house during wirdnr montbs have not been successful. Other nonwounded gri'enlioust*- 
groAVU plant species arc highly susceidilile to infection by certain parasites {e.q. those of 
bite blight of potato, authracnose of beau, and rust of sunflower). With such' diseases 
it is as difficult, to prove as to disprove tin* relation of coiig(*stive water to ]>rt*disj)ositioiV 
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formally lesistaiit varieti<*s of* some species iiioy often ho pre(liH])()se(l to lienvv infection 
by water congestion, provided otlier cMniditions are also favorable. 

Control of Copper Spot on Fine Turf Grasfif s. Keil, IIauky L. Copper spot (Gloco- 
nrcospora fiorghi)^ as a^ lu'w disease of fine turf grasses, was re])orted from Pennsylvania. 
It is now known to exist in many states, and it approaclual eyjipliytotic proportions on 
Piper Velvet Emit grass in Khode Island during 1945. Si)ray treat'nients with 4 organic 
fungicides, at tlio rate of 10 g.,]. solution per 1000 s(|. ft. of turf, were nppVwd .July 20 
and 31. Treatments AV(*re re])licated 8 times on blocks of 25 srp ft. Av(*rage percentages 
of the ar(Mi damaged by the dist^aso were recorded Sei>tenil)er 10 and 27. Puraturf (phenyl 
mercuri triethanol ammonium lactate, 1: 10,000), Puratized 177 (1:5000), and Zerlate 
(zinc dimethyl dithiocarl)ainat(‘, 1.5 lb. per 100 gal.) gave a prolonged protection period 
of at least 41 days after trealment. IMots treated with 1‘uralized 177 were still 99 per 
cent fre(‘ from disease after 08 days, whereas disease had apy)earcd on Puraturf and 
Zerlate plots. Up to 24 per cent of the grass was injured by disease on the nontreated 
jdots, l)ut plots treated with Phygon (2,3 dichloro 1,1 na|)tho((uinone. 1 lb. per 100 gal.) 
had 34 j)er cent disease. {Standard treatments had faihal to control co])per spot in other 
experiments. 


Inlieritance of Pothofienieity and Sex Meaefion in Vrnturia inarqualis , Keiti, (1. W., 
Curt G. Lebex, and .1. K. Shay. A monaseos))oric line of Vrntnria inaeqnalis tliat incites 
ty])ical scab lesions on Haralson and Wealthy and flecks on ^*ellow Transpaiamt and Mc¬ 
Intosh ap]>le leaves Avas cross(*d with one that incites the conversci dis(‘ase rejictions on 
these 4 varieties. Tin? 8 ascos])ores were is<»lated in serial order fnmi each of 35 progeny 
asci and the resulting lines tested for pathogenicity to th(‘ Ji'avt's of each of the 4 apple 
varieties and for sex reaction. In each ascus t(!sted, segregation for pathogenicity to each 
variety as indiiaited by the lesion or fh‘ck reaction was in 1 r 1 ratio. Of the 140 pairs 
of liiu'S, of) showed parental combinations for pathogmiicity (inciting lesion or flock on 
Haralson and WejHthv and the converse reaction on Yellow Transparent and McIntosh) 
and 84 shoAV(‘d new combinations (inciting lesions on all 4 varieties or fle(*ks on all). There 
AAais no evidence of linkage* between the alleles governing p.ithogenicity to Haralson and 
Wealthy and those goveining ])athogenicity to Yellow Transpaient and McIntosh. The 
latter were shown to In* link(‘d with those governijig sex reaction. The data on second 
division s(*gr(*gation indi(‘ale that the loci for pathogenic'ity d(*alt with herein are more 
than 33 cross (>v(*r units fiom tlieir res|*(*ctive centromeres. 

Corn Pericarp Injuries and Sevdlinfi J)isea.srs. Koehler, Bex,iamix. (*orn-seedling 
disease's undt*r present seed-producing and seed-j>rocessing m(‘thod,s in tin* (\)rn Belt are 
caused chiefly by organisms residing in the soil, and the extent of damage is governed 
considerably by the exU'iil of |K*ricar|» injury. A br(*ak diicctly over the idumule is the 
most injurious type. Breaks in the crown Avhich ex})ose the soft ('ndos|)(*rm are second in 
importamn*. Breaks in the ]>ericar]) over the germ area to om* side of or beyond the 
plumuh*, or directly (»\er the radicle, are still less imjKtrtant. Of least importance are 
removal of the tij) cap and breaks which (‘X])ose only horny e>Mlos))erm. In controlled 
inoculation ex])eriments sonn* stniins of Penieittium (/xntieum havi* been the most damaging 
to corn when tin* ]»erlcar|» was injured, while some species of Pythiuni were second in 
imi)ortance. Isolation from naturally infect(*d s(*edlings grown from injured seed in field 
soil seldom yielded Penieiltium oxaticum but s])ecies of Pythium wen; commonly found, 
(huisiderable jiericarp injury .a])pears to be unavoidable under ])j‘eseiit processing methods. 
Fortiinatidy, much benefit is obtain(‘<l by treating Avith seed protectants. Arasan and 
SjicrgoM ha\e giA'cn somcAvliat better results on injured seed than tin* mercurials. 

Viability of Stored Seeds of Forage Crops Treated with Pifln'ent Fungicides. Kreit- 
LOAV, K. W., and It. 3. (1 ajhier. Seeds of alfalfa, red clover, Ladino cloAvr, and Sudan 
gr.Mss Avere treated with X(’W' Improved Geresan, Sem(*san, Arasan, Sp(*rgon, and YelloAv 
Gujirocide. Sam]Vles of I in* treated seeds along with nontreated controls Avere stored in 
clos(*d and ojK'ii coutain(*rs at and at 2o' (\ (fcrmimition avms tested jx'i'iodically in 
Petri dish(*s and in flats of soil. After .‘lb months, treated seeds of alfalfa, la'd clover, 
and Ladino clover stored at 25' .showed no ajipreciable injury from any of tin* fungicides 
tested. There* was no dilference in g(M*minatioH betwi'i'ii s(*(*ds stored in open and clos(*d 
containers at 25". (iermination of Sudan grass treated Avith .N'cav Improved C(*resan Avas 
iiotici’ablv reduced 1 month folhoving treatment and within ti months none of tin* treated 
seeds germinated, regardless of storage tempi'raturc or condition. None, of the otlicr 
fungicides reduced germination of Sudan grass. At 1 (l, gi>rmination of treated and non- 
trea.t(*d seeds of all s]) 0 cies stored in closed containers was much l>etter than germination 
of seeds stored in oiien containers. (U. S. Regional Pasture Rt'st'aich I.aboratoi'v and 
PennsylALMnia State College.) 
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liriictioufi io ('rown Hast in Fr.stiica claiior and F, eUUior var. arundinacca. Kreit- 
Eow, K. W., aiul W. M. Myeks. Inoculation of many plants in the greeiilionse corrobo* 
rat(Ml field observations thnt Ft.^tuca clatior was generally susc(‘ptible to crown rust 
(I^nccinia roronata ) Avliile F. rlaf ior var. arnndinacra was visually resistant. Of the many 
collections of F, eUifior t(^ste<l, '1 plants from I collection were immune from rust. Addi¬ 
tional niat(‘rial, wliicli varied in rust reaction from suscejitihle to immune, from the same 
and neighboring fields piovcfl to be F. rlafior var. arundinacca. Cytological studies of the 
species indicate that tin? small, fine-leaved F. clalior has 14 somatic chromosomes while tlie 
tall, coarse F. clalior var. arundinacca is a liexaidoid and has II* (diromosomes. Ilylirids 
between tin* two were completely sterih*. 

Mru.s Tullibilors in Spinach Ejfracf. Kontz, ,1. E., and J. (\ Walker. Cucumber 
virus 1. 1 urn ip virus /, and lobacco i'iru.s 1 are not readily recovered from infected siiinach 
by ine<'hani('al juice extraction although th(‘ first i- viruses are easily Iransferreil by ajdiids. 
(’iiide spinach extract added in equal pro])ortioi>v; to infectious plant Juice containing 
thes(t viruses usually completely inhibits infectivitfr. Spinach (’xtract contains 2 distinct 
inhiliitive tuititit's. Om* of these, inhi])itive to lobacco virus 1, is thermolabile, nondialyz- 
iihle, unstalile in extremely acid and extrmnoly alkaline solutions, ])recipitated by alcohol, 
and adsorlu'd by some activated charcoals. Infectivity of noninfictious mixturi^s of 
s|)inach extract and infi'ctious Juice can lie restored by removal or adsoi’ption of th(‘ 
inhibitor, ''riu* second inhibitor, iiihibitive to lurnip virus 1 but not to tobacco virus ./, 
is tlnuinostable, dialyzable, is not precipitated )>y alcohol, is nrd rt*adily adsorbed on acti 
\at(‘d (diaicoals. Infectivity of a noninfectious mixtun* is restored by addition of calcium 
chloride. 

Scroloffical Eclalionship bclwi cn Potato Lalcnt Bing spot and Virulent Bing spot 
Viruses. Lar.s().\, Ii. 11. Piecipitin and precii)itin-absorption t(‘sts indicati' that the viru¬ 
lent })otato ring-spot virus causing a mottle and necrosis in certain varieties of AuH'rican 
potatoes in the fi(‘ld is a strain of tin* lat(*nt j)otato ring-sjjot virus. No significant difl’er- 
(‘nc(‘ was didected belvveoji the ability of the viruhmt ring-spot virus or the iatemt ring-spot 
virus to induce antibody formation in rabbits; both sera reacted at th(‘ same dilution and 
showed high titre. Keci])rocal pr(‘ci])itin tests showed that the potato latent motth‘, latiuit 
ring-S[)Ot, and virulent ring-spot viruses are sendogically iudistingiiisliable. There were 
no d(‘tect!tl)le di(Terence's in isolates of the virulent ring-spot virus from Wisconsin-growu 
(’'lji|)p(‘vva, Katahdin, Red Warba, Hi'bago. or Pontiac varie,tie's and isolates from the 
Sebago variety from Minnesota, Michigan, or .Maine. Veinl>audiug virus (aphid-trans¬ 
mitted couii>ouent of rugose' mosaic.) w.as imt cross-activ(‘ with the latent Jiiottle, tin' ]al(‘nt 
ring spot, or tin* viruh'iit ring-sj>ot virus antisera. The virulent ])otato ring-spot virus is 
di'signated as a strain of the potat<> mottle (latent) virus, ring-spot group. 

The Cgtology of Vstilago striaeformis from Pon pralensis. I.each, J. (J., and AtAh-v 
Alice Kyan. This fungus completes its life cycle in culture on agar media. ’iMie germi- 
naliiig chalinydospore does ii<d form a true promycelium but forms a branched giuin tube 
<cf indeterminab* growth. No s])oridi;i are i»roduce<l. I4ie chlamydospore contains a 
fusion nucleus tluit undergoes reduction diviilon soon after germination bt'gins. A chance 
reassortment of nuclei takes jda.ce in the branching germ tube or resulting mycelium, and 
kary(»gainy (»ccurs without an intermediate dikaryophase. 8»)nie cells may remaiji in the 
haploid condition and give ris(( to haploid mycelium. Tlu' diploid cells continue to inulti- 
ply vegetativc'ly, forming a characteristic fiagmenting mycelium that is readily distin¬ 
guished from tin' tyiucal radiating haploid mycelium. The (lii»loid mveelium in it's typical 
form 'if growth breaks up into slmrt fragments, each cell t)f wliicVi contains a single,‘large, 
diploid juiclens, V single cell of the diploid myia'lium may be transformed directly into’ 
a chlairjydos])orr. Tims, the fimgns appears to be homotha’lJic, but produces both li’aploid 
and diploid mycelium. It lias no true dikaryoph;ise. 

Control of Cucumber Anthracnose with Fermate. liEBEAii, E. ,1. Successful .culture 
of fall cucumbers in southeastern Louisiana depends on satisfactorily coiitroljiiig downy 
inikh'W', and although copper compounds often injure the foliage, Bordea-ux mixture and 
various cojqier dusts havi' been generally used. In the last 2 years, mildew control was 
complicated by I'pidemics of anthracnose, which the standard fungicides did not satisfac¬ 
torily control. In 1044, only Bordeaux mixture, 4-4-rK), and Fermatc? dust 10-100 pro¬ 
tected the ])i.in1s from anthracnose. lu 1045, when a H(?vere cqndemic of anthra’cnosc' 
dc'srroyed many fields by the middle of the harvest sc'ason, Fcrmate, 10-100, completely 
|>rotected the? plants from anthracnose and from downy mildc'w, without foliage in jniWL 
liordeanx mixture and Ditliam^ were' more' satisfactory than the copper dusts tmt did not 
give satisfactory control during tin' last quarter of the harvest. Acre yields of 244 
201 , and 401 busliels were obtained, respectively, in the plots trc'ated with Bordeaux mix’ 
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12 JUT c(vnt trjbiisu* c()pj)(vi- sulphate dust, jmt cent Cuj»rocide diisl, and Id per eciit 
lorinate dust. Ijuw \n‘Ids ni the Bordeaux inixture jjlots were attributed to foliage iu jury. 

Rl lahovs i>f Carhnn and Nitroffcn A’oj/m.sr and Vitamins to Ihr (iromfh of Pathaaenie 
and .\(>npa(h<Hfrnic Lines of^ Ventnria inacqualis. Lebkx, Ch irr C. The physiology of 
4 Wild-type pathogenic and 3 nonpathogeiiic cultural luutaut lines was studied in vHra. 
At. 0..) ])ei cent conccjitration, ,19 carbon sources were tested in a mineral salt'a»»^ar medium 
containing 1 g. per liter of malt extract. The most favorable compounds were* cellobiose, 
dextiin, fiuc.t()se, glucosi^, maltose, mannitol, mannose, melezitost', raHinose, and sucrose. 
Iwenty-one nitrogen sources, mostly amino acids, wen* te.st(*d in a similar nu'dium con¬ 
taining glucos(^ and nitrogen equivahmt to 0.00;i M KA'O,. Thr best comp(.unds for most 
lines wer(‘ arginine, glutamic acid, histidine, proline, urea, Nit.NO,, (Nli,),SO„ and 
l\NO;.. Ability to utilize* the carbon and nitiogeu sources varied among tin* lines. In a 
luiiKual salt-gluco.S(* medium containing juiritie<l agar, the following substances wm’r* tt'sted 
singly and iu coiubination: aileniiie sulphate*, ascorbic acid, h-alauim*, biotin, calcium 
j>antotheuatib cholim* chloridi*, a ‘‘folic acid’^ concentrate, guanine, inositol, nijudn, 
p-aminobenzoic acid, piiiu'lic acid, jiyridoxine, ribollavin, tliiamiue, uracil, and xanthine. 
Only tliiamino had a benelicial effect, and it was gr(*ater for some lines than fm- others. 
When thiamine was present, substances in “ vitamin-rree’ ’ casein hydrolysate also stimu- 
lat<‘d growth. ]\one of the observed differences in the jihysiology of the lines was clearlv 
associated with th(*ir jiathog<‘iiic cai>abiliti(‘s. 

Control of Ptochrial Puslulr of Soybean by Dusiiny. Lehman, S. G. In 1944. 
favorable results wine obtained from an experini(*nt designed to cojitrol bacterial pustule 
of soybean by dusting growing plants with fungicid(*s. The ex]K'rinient was rej^eated with 
am]>litication in 194.1. Thf* du.st j)re]»arations used were: (1) copiier-clay containing 7 
[K'l- cent nietallic co|)per from Tenn. Id, (2) cop])er-.sulphur having 7 jier cent nietalUc 
copper from Tenn. 31, (3) coiijx'r talc containing 7 \m' cent cojvper fiami (/Oj)])er Gom- 
]M)und .\, (4) 20 j»er c(‘nt Ferniato in Pyrox talc, (5) 20 per cent Zerlate in Pyj‘ox talc, 
(0; .‘OJl-mesh sulphur, (7 ) 10 [ler cent IVrinate iu sulphur, (8) 5 j)er cent DDT in suljdiur. 
Six appiicjitions of each dust were made. Only dusts containing co]>p(‘r redin'ocl bacterial 
pustule. In control rows not dusted, less than 1 ]K-r cent of the leaves w(*ri‘ (*ntirely free 
of disease. On tin* I’einaining 91 [>er cent damage ranged from slight to severe, in rows 
dusted with copjier, 37 to 74 per cent of the leaves were (‘iitirely fr(*e of disease; the re¬ 
maining leaves showed little injury, fe\v or none being sever<‘ly damaged. Plots dusted 
with cojiper yielded 4.9 bushels per acre more* tliaii ])h)ts not dusted. Suipliur dust rediici‘d 
yi(*lds about as much as cop])<‘r increased them. 

Fidd Tfstn ivil/i Don' 9 on Cottonseed. Jj-HniAN, S. (1, From preliminary green¬ 
house tests on cottonsec'd treated with hitherto unused jirejiaratious, Dow 9, containing 199 
j>er cent of /iiic salt of 2,1,1 trichh)ruplu*nol, was sehrted for field trials iu 1944. It was 
c.oiii])a.red with >iew liiiju-ovt'd (teresau, tlie standard material for cottonseed treatment. 
Dosages of 1.1, 3, and 9 g. of dust jH*r 1990 g. of .seed were use<l. Dow 9 at the lowest 
dosage gave seedling stand iucr(*ases equ.al to those from Ceresaii. Higher dosiis of Dow 9 
gave smaller ijicreases. In 1941, Dow 9A, coutaiuiiig 21 ]k*i’ C(*ut, and Doav 9I>, coiitaiiviug 
19 per cent of zinc salt of 2,4,l-trichUu'Oj»henol, were <‘ach us»‘d at 1..), 3, and 9 g. j.>cr 
1000 g. of seed. New Improved Ceresan iucr(*ased surviving s(*edliugs 99.3 per cent; 
9A, 121.8 |>er cent; and 9B, 139.7 ])cr cent. The 3 to 1909 doses of both Dow ])reparations 
gave incr(*as(’s ap[troximat<‘ly e(jual to higher doses, in anotlier tost, st*ed tr(‘ated with 
3 and 9 g. of Dow 9B jier I’oOO g. of Si‘ed and stored 7 and 42 days in grain sacks gave 
higher seedling survival than (\‘rcsan-treat(*d seed stored tor tin* same pei'iods. Lmergvnce 
from si*ed treated with 9B did not differ significantly for the two storage periods. 

Dutstandiny Diseases of AyrienUnrat Crops and of Funyieidcs in the i'nited 

States'. M('(1\ll\,n, S. F. A. to facilitate research on new chemicals as possible fungi¬ 
cides and sp(‘cifi('aliy to select rapid methods for evaluating them hi laboratory and green- 
lious(‘, it is neci'ssarv to know which ])lant di.seases are outstanding on a luitioiial basis. 
A teutati\'(‘ method for determining those diseases is liased on an index obtained trom 
the ])roduct of the logarithms of tin* estimated a,nniial percentage loss (from PJaiit Disease 
lieporter) and of farm value. The indices, thus obtained, of 39 outstanding diseases aie 
recorded togellier with aveiage annual losses, 19 year liiictuatioiis, and present major con- 
trol MU'asun's. Tables showing I'stimated annual consumption of fungicides are arranged 
according to ch(*micals, crops, and di.s(*a.ses. 4 hns may he seen tlu* most outstanding 
jioteiitial uses for lu'w or inqn’oved fungicides, and likewise tlie diseas(‘s foi which it is 
desirable to devi*lop t(‘st nu'thods. Among certain outstaudiiig diseases there is n(*od for 
bett(*r fungicides: (a) seed treatments- corn and cotton s(‘ed]ing blights, oat smuts; (b) 
sprays and dusts apple scab, ])Olalo ti]) hum and late blight, ]u*ach and clierry lircwii 
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rot pear bJiglit, peanut leaf spot, tomato blights A<lequate methods for fungicide lualu- 
Ition arc available in certain iases cited, but further development and standardization are 
iK’cessjn’y for many. 


' 4 New Hclminllmpormn Disease of Oats. Meehan, Frances and H. C. Muki-hy, 
A new species of lUlmmthospomm pathogenic on certain out varieties was isolated m 
Xoveinbev, 1944, from a diseased seedling of Tama oats grown in the germiiiator. Aiimer- 
oiis Held isolations of this fungus were obtained during 191^- i 

necrosis of first iniernode, seuteJhim, and seminnl roots. Aftveted loni duJJ 

bluish'^rny, had reddish brown full-length stripes 1 to 3 win. wide, and their ninigins 
nitlierpfl. Wilting of tin; loaves and death of severely iiifeeted plants followed *i few 
days after tho first leaf diseoloratioJis. Infected adult plants in the field had a brownish 
tr;uisliic('nco of the lower iiitcriiodes and tended to break over near the base. Late in the 


season the nodes were covered with abundant eoiuUophores, and plants ripened prema¬ 
turely. Normal coiiidia were light olivaceous, sligHly curved, rounded at the base, widest 
near the centei* and tapering toward the apex, moderately tliin-walled. (Jermination was 
jiolar. The rnaxiinnin coinidial measurements obs(*rved were: length. 111 f.i; width, 25 jn; 
number of seiita, 11. The modes were 75 ji, 18 p, ami 8 p, respectively. The organism was 
isolated frequently also from timothy. (Iowa Agricultural Experiment Station and II. S. 
De partment of Agriculture.) 


fSod J(‘lhioni}ic( Ics in Kelalion lo Vanama Disease of Banana. AliOKKDri’ir, Clif- 
rORi) H. Nin(' cnltiircis of Actinomycetes, isolated from soils of several banana planta¬ 
tions and demonstrat(Hl to l)e antagonistic to Fusarium OTijsporum enhense in the labora¬ 
tory, were applied near the stools of banana at planting time in an (experimental planting 
at Orange River, Riclimoml, Jamaica, B. W. 1. The field was infested with the Fusarium 
that causes Panama disease. The Actinomycetes were* grown in flasks, on guim'a grass 
with soil and water. There vvert* 15 ])lants in each plot and 7 r<q)licates of eacli tr(‘atuient: 
Actinoniycetes from other fields, Actinomycetes from other fi(‘lds plus grass mulch, Acti- 
nornyccdcs from Orange River field pins grass mulch, grass inulch alone, and the check 
with no treatment. At 5 months after treatni(‘nt the banana plants treated with 
Actin()my<*(*tcs w(*r(‘ larg(‘r than check plants. At 12 months there were no statistically 
significa . diiTerences in the Panama disease in the })l()ts. 


Some rhvnols as A (jricullural Fnn(/irides. Mki'i.t, liLOvn J., and Bernard J. Tiiiegs. 
Results of grecuihouso and field tests simtr 194J indicate that (Inst comj)ositionH of zinc 
2,4,5 trichloroplKuiate (Dow Seed Pungieide DA and DJ>) for seed treatment effeetiv(dy 
control certain S(*e(l-borne pathogens and protect against various soil-inhabiting organisms 
that caus(‘ pr(:*(‘njerg(*n(',e damping-olT. The 2,4,5-tricl;l()roph(‘nol was more elf(*ctive than 
2,4,()-trichloropljenol. Of tho several salts tested as se(‘d fungicides, the zinc salt of 2,4,5- 
trichi (U()])henol Avas most consistently efTective in ]>rodncing higli seedling timcrgwice. 
Testing has b(‘on most intensive on cotton and j)eas, but results also show that the treainiont 
has valine for many otlun* agricultural so(Mis. Tlie chemical is heat stahile and is difficultly 
soluble in water and tlie usual orgajilc soha nts. 


Erlafien of Sour Cfn rrjf Ydlows to Held. Moore, J. Duaint. For several years com- 
})arati\e yield re<'ords w(U’e taken on yellows and y(‘IJows fr(*e tree's in 2 ("ommorcial 
or(iha»‘ds in Door C( nnty, Wisconsin. One orchard was 21 years old, tin* oilier 15, in 1D45. 
Both were siirv('y(*d for occurrence of yellows before yield records were taken and annually 
tlu'i'cafler. 'I’ho yellows tra-es of e.'u-h orchard were classified according to the year in 
Avliieh tli(‘ disease was first recorded. Each dis(*ased tree was paired with an adjoining, 
('omparable, yellows free tree*. Vielii data frem tin* 2 orchards, recorded in pounds per 
tree, were very siinilai-. Tliongli individual trees varied considerably in the rab* and extent 
of reduction in fj*uiiiulness, the gei!A‘ral trend was for little or moVh'ratc; reduction in the 
first, or second year folheving first observation of symptoms and a greater laHlnction in the 
ensuing 2- or J-vear period. In 1915, in the 15-y(*ar-old orcdiard, for the group (if trees 
known to liav(^ In en (lis(*ased 5 y(^ars or more tin* average K^duction in yi(*hi was ajiproxi- 
niately 50 p(*r cent (10 |»airs of trees); in the 21-year-old orchard, approximately 02 per 
C(‘nt (5:; pairs of trees). On the average the tre(*s in the older orchard had b(Hm (liseased 
longer. 


Melaium of Tempnainre to Expression of Symptoms of Sour Cherry Yellows and 
Xecrotic Iving Spot. AIooue, J. Duatn, and G. W. Keitt. Potted Montmorency cherry 
trees were budded from 5 source.s of sour ch(*rry yellows and placed in greeJihoiises with 
approximately constant t(*mperatnrcs of IIP, 24=^, and 28« G., respectively. Two 
tree's budded from each source were placed in eardi gr(’(*nhonsc. During 2 greenhouse 
seasons, yellows leaf .symptoms were expressed only at 16" 0. In the third season all 
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trees were placed at 16» and all except 1 that had been at 28° for 2 seasons expressed 
yellows symptoms, l otted Montmorency tree.8 budded from a source of necrotic ring 
spot and put in controlled temperature grc'enhoiises expressed necrotic ring-spot svniii- 
toms over the entire range from 16° to 28°. Symptoms were expressed more rapidly and 
with more necrcmis at the h'gher teiuperatures. Best leaf-symptom expression ocniri-ed 
at 20'^ or 24 \ In groonlionse experiments with Prunuft jramiltij P, virginianay P. amf ri- 
caniiy and 1. budded fiom a source of necrotic ring spot, symptom expression uas 

(Other very poor or lacking at night temperature of approximately 10° C. and dav t(on- 
peratiiro of 10° to 24° C. Symptom expression occurred ou all 4 hosts and uas nioro 
geii(‘r;jl and conspicuous at 24° to 28° C., day and night 


Spraying and Dusting Potatoes in Miehigan in Mun(UK, J. H., and W. F. 

Morofsky. At Lake City, Michigan, |)()tato(‘s sprayed with Bordeaux i)I)T 8-12-1-100 
produced significantly higlier yifdds than those sprayed Avitli Bordc^anx S-12-100 alono 
and those s|)ray(*d Avitli the fixed coppers, Tribasic copper sulphate, Dow F-48, copper 
oxyehloride suljihate, Copj><*r (lonipouiid A, and Yellow Ciiprocide, to which had he(‘n 
added 0.5 11). zinc suljiliate and 1 lb. hydiated lime jier 100 gal. Plants s])ray(;d with fixed 
<*()p|)er i)liis Z-39 (dichloro dipln'iiyl dic-hloro ethane), Pyrctlinim, B-72 (beta beta dithio 
cyano ethyl etluM*), Ditham^, or Zerlato yicldcal signifmantly less than those with Bordeaux 
D.DT 8-12-1-100 or Tribasici DDT. Indications wtu'o. that the excess lime in the Bordeaux 
had no deleterious efiect upon DDT and that excess lime in itseli! did not cause decreased 
j)otato yields avIkui leafhopjiers or other leaf-feeding insc'Cts were redin'ed to a minimum. 
Leafhopp(u^ control Avas best Avith DDT folloAved by Pyrethrum, B-72, Z-.IO, and nicotine 
sulphate. Tests of 22 dusting materials Avere inconclusive because of drifting of dusts 
containing inse(dici(l(‘.s for control of loafhoppi'rs. In spray tests in 9 counties of the 
TTj)per Peninsula of Michigfui 2 fixed cojtpers pins DDT w(‘rc compared Avitli Bordeaux 
8-12-100 and fixed copper zinc sulphate lime. Addition of DDT increased yiedds ov(*r 
Bordi'anx or fix(‘d c(if)])ei*-zin<' sulphate lime and decreased markedly leafhopper, fiea- 
Ix'cth*, and apliid impulatioris. 


Reaction of Oat Varielies to a New Siueies of Jfetniinfhosporhini. Muhphy, IT. C., 
and Frances Mekitan. Oat varieti('s possessing the “V’^ictoria type’’ of crown-nist 
resistance Avere highly sus('(*ptible in the fitdd atid grcKUihouse to a new sy)0^‘ies of 77(7- 
minthosporiuin, while varieties lacking lliis “Victoria” rust resistance w(‘re resistant. 
No cxc(?ptions to this were o))serv(‘(i among 2-18 oat stdeclions tested in the grecmhonsi*. 
Named Victoria liybrid selections siudi a.s Boone, Tama, Vicland, Cedar, Osage, Neosho, 
Forvic, Fultex, and Letoria Avere susceptible, ddie Bond-hybrid seh‘ctions, Clinttni, Benton, 
Eaton, Bonda, Mindo, and Camellia, Averci resistant, as were older varie'ties sucli as logold, 
Kicliland, (Joydier, ITnron, Fulghum, Marion, Erban, Yanguard, Tam', Ihilwin, and Red 
ilusljiroof. Fo ])opnlations of 8 hylnuds, each involving one A'ictoria crown rust resistant 
])a,rent, segregated .‘i siisce|)tihle to 1 r(‘sistant when inoculated Avith the TTrlminthosporiiini. 
OtluM* ])Opulations of these ei’osses segri'gated 2) resistant to 1 snsceplibh' to race 45 of 
(U’ovvji rust. Thes(' data siigg(*,st complete linkage for the genes controlling ”V^icloria 
tvp(‘’ ’ of crown-rust resistance and susceptilnlity tc the Ilclni'intJiosptjriaoi, ^fhis fnngns 
has been isolated from Victoria hybrid sidections grown in ’fexas, loAva, Ihuinsylvania, 
North Dakota, and Montana in 1945. At the Iowa Experiimmt Stations, Osage, Vio- 
toriri X Rainbow, and (Yietoria > Richland) x Bannock Avere reduced 50 per cent in yield 
by tile attack of the fungus. Staal-borne infection was effectively controlled Avith New 
linjiroved Cer(‘san. (I()A^a Agricultural Experiment 8tation and V. S. Department of 
;\gri(uilture.) 

Relative Pffectivenrss of Certain Organic and Inorganic. Fungicides for the Con I rot 
of Phytophihora infrslan.s on Potatoes. Nagel, G. M. Eycellent control of epiphytotic 
late biight A\ 7 is obtained with 4 of the 8 fmigicid(?a R'steil. llordeaux, Yellow (■upjax'ide, 
Phygon (2,3-dichl()ro l,l-naphtho(iirinono), and Dithaiie (disodinm t'thylene bisdithio- 
carbainat(0 afforded uniformlA" low p(‘rc(*ntages of distaiso from M foliar spray applications. 
.Phvgon, at 1.5 pounds jier 1(H) gal. Avater, inen'ased yields liy 70.2 fier e(‘nt. when (compared 
tv) the clieck. Yellow Cuprocid(', Dithane, and Bordeaux, although a.s (*fl“ectiye as Phygon 
in disease control, produced smalh'r imu’eases (44.2, 10.7, and 14.9 per emit, r(^spectiv('ly). 
Z(‘rlMte (zinc dimethyl dithiocarbainate) and Coyiper Compound A produced inc^(*ase^'. 
in yi(‘ld of less than 10 per cent. Small decre.ases in yield wme (d)tain(*d with Isothan 
Q15 (huirvl isofpiinoliiiimn bromide) and Puratized N5E. A randomized split-ph>t 
design Avitii 2 replications was ('niydoyiMl in this experiimmt Avith Farly Ohio y>otato(‘s. 
One half of each yilot Avas treated Avuth adust of DDT, 2,2-bis (p-cldorophcnyl) 1,1,l,-tri> 
chloroethaiie, for tlic control of the 2 major ins(‘cts common to potatoes in South Dakota,, 
namely, leafliopper, ilf'a beetle, and the (kdorado potato beetle, ten sweeps yielded an 
aA’erago of h^ss than 0 instads ptu* plot; henci^, diff(*renc(‘.s in disease (arntrol and yields aie 
A^cry lurgt'ly' attributable to the relatiA’e elTectiA’em*ss ot tin? Aaiious tmigicidcs. All 
fungicides Avero applied as sprays at the recomuieiidiaj dosages. 
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Acailahility of Copper m Dust as Influenced by Various Diluents, Nikitin, A. A. 
nvQ soveral diliitmts available for iiac in pesticidal dust mixturc?s. There is 

coiisideiMhle variation in chemical and jdiysical properties of these diluents, which have 
an edt'ct on the rate of flow, adherence;, and effectiveness of the final dust mixtures for 
crop j)rotection. Empliasis was placed in this study on adherence and availability of 
solu}>le co[)per. This availability depends greatly u]»on the sorption ca]>acity of various 
diluents. Results s(‘cured from these tests show that a certain correlation exists between 
surface tension of the water suspension of diluents and their sorption capacity for soluble 
eo[>per. Study on the sorption capacity of copper by various diluents sliows tliat pyrophyl- 
lito clay absoi l)s much less copptu* than Eastern Magnesia and especially Loomkill. This 
.soi']>tioii capacity is in direct relation to the base exchange ca})acity of the diluent. Zinc 
salts are more leadily sorbed by diluents than copper and can be us(‘d to increase the 
anioiint of solul>!e coppen- available for the control of heavy infestation, Ninitral sodium 
salts reduce tlie concentration of available copper due to increased sorption capacity of 
the diluent. ^ 

Use of D-D Mixiurr Permit.s Two Crops of Walermclons per Year in llreedinp Pro¬ 
gram. P Alt HIS, (i. K. Aj)plyiiig D-D mixture to Norfolk sand known to contain Heiero- 
dera marioni and susp(‘cted of containing tin; mead(»w luunatode, immediately following a 
s|>ring cro|) of melons, j)erinitt(*d growth to maturity of a second crop of nndons (Augtist 
to Heptember) at Leesburg, FMorida.. Five c('. of D-D per hok; was applied in holes 
(■» inches deep. 3 2 inches apart in rows that were 12 inclics apart. Approximately 15 s(juare 
feet of soil were ti‘(;at(‘d j)er hill. Witli roughly 1200 hills per acre, tJio actual quantity 
of D D used was 175 y»ounds per acre. The soil tcmperatuia's, G inches deep, ranged from 
81.' to 00'^ P, in the day to 78 ’ t(» 82‘' P. at night. Tliere was no (‘vidence of in,jury to 
se(‘ds planted 1.0 days after soil treatment. On nontreated soil the survival of Pusarium- 
resistant Blacklee was 25 per cent and most idants died when runners were 3 feet long. 
On tr(;ated soil, GO })er cent of P>lackle(‘ lived and 72 per ccMit liybrid jdants survived. No 
fruits were obtained from plants on nontreated soil. Orowing 2 crops of melons a year 
will speed up markedly tin* jjrc^seiit )>rogram of br(‘(*ding for resistance to cucurlfit anthrac- 
noH(‘ and downy mildt‘w, 

Oeeurrnvec and Imporianee of Cnnprrs ami Hots in Dc(‘idnons Forests in Quebec. 
lk)MKRLEAi;, ItKNi’;. Burvcys in several localities in Quebe«' were made belNreen 11)42 jjnd 
1044 to ol)taiii information on the liealth of deciduous forest trees. At the Forest Ex])eri' 
mental Station at Dindn^snay, 3147 tr(‘cs distributed in 115 sample ])h ts \.erf‘ studied. 
Tilt; data obtained were comjileted by surveys in sugar maple groves in .7 localities, and 
by stem analysis of 270 trees in 4 samy^le yihots in a, white birch stand. At l>uclu‘snay, 
13.0 ]ier cent of the lrt*(‘s wtu'e infected with at least one canker, and 21 ))er (‘cnl 'wtvre 
mort* or less severely rotted. (Oose examination of 030 trees in maple grt .v-s slunved that 
22.1 per cent of them w<‘re canktu'ed .and 18.4 per ctuit rotted. In the whiti; bii'ch stantl, 

O. 5 })er t'ent of 270 trees wert' cankered and 14.3 y)er cent rolttsl. In all tliesc' stations, 
\rcfria (-anker was the most pr(‘valent and injurious, (‘s])ecially to maple, white biiadi, 
and yellow birch, and the incidence of infection varied with sit(‘. Eutypdla canker 
oe('Ui’r('d on 3 to 8 per cent of the maples, es|)ecia,lly on tlie young tree's. Diatrype 
'maeounii, Poria puneiolo, and Pholioto, .^(piarro.soides vvere- found'for the Grst time to be 
ri'sponsible for caidier. Fom.es igniarins caused the most widesprf'ad rot in imaple, birch, 
and aspen, but otl)(*r fungi, taka'ii together, prodm'cd cornp;na})le losses. 

1 ariabdity Phonia lingani. Pound, (Ii.knn S. A IMioma s])ecies has been found 
as a pathogen of (-abl^age and (Miinese c;ibl»agc .s<*ed plants in the Ibiget Hound area of 
Washington, causing minor leaf-spot and stalk-rot injury. It is morphologically similar 
to Pbonw tingam (Tude) Desrn., })roduces ty])ical blai-k h'g on members of Jirassiea 
nl, racca I. , attacks a node range of cruciferous plants, and differs only sliglitly in ]mtho- 
genicity from P. lingam. Distinct strains of monosporic origin have been obtained from 

P. Ihigam, these differing in typo and rate ( f growth, staling, and amount of sporulation. 

Only sliglit differences in coiiidial .size occur betwc(;u these strains, but marked diff(‘rences 
ill shapt* and size of yivcnidia are found. Slight differences iii pathogenicity have been 
observed. Numerous saltants tend to link the strains. Because of the extent of varia¬ 
bility in P. lingam, tlie Puget Sound isolate is considered teutalively to be a variant of 
this s]\‘(?ics. ( Washington Agricultunil Ex])eriment Stations, V('g(‘tabl(‘ Seed IbodiKdion 

Laboratory, Mount A^eriion, Washington.) 

Cabbage Varietal lieactions to Mosaic Viruses. Pound, (liiENN S. For the yiast 3 
yi'iirs commercially important cabbage varieties have been test(‘d for their relative suscepti¬ 
bility to mosaic rirmes. In cx|)oriineiits in which relative susceptibility was determined 
by a, disease-index systtun the vari(‘ti(;s tested showed a distinct gradient, but they could 
bt‘ divided roughly into 3 groups. In the least susce})til)le group were Wisconsin All Sea- 
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sons, 8teiii^s Flat Dutch, All ]Joa>l fSclcct, 8nm\ssi()ii, and Globe. In the intermediate 
gvon]) vver(‘ Jersey Wakclii^ld, Charleston Wakefield, All ilead Earlv, Cop(‘nljn^ren Market, 
Goldeu Acre, Marion Market, Midseason Market, Glory of Enklmiien, Kound Dutch, and 
Frcniiiim Late Flat Dutch. 'Jlie most siisc.(*ptible group contained tlie l>allhead varieties, 
namely Wisconsin llollamh'r, Hugner, i\mn State Bullhead, Wisconsin Ballhead, and 
llollaiider. Tho first M in the last group Avere only moderately susceptible through niid- 
s(‘ason but dc\’elopcd very se\'ere sym|>toms by the time lu^ads were mature. Uie relative 
susceptibility of the various varieties was about the same when either tin‘ cal>bage A strain 
or the cabbage* black-ring strain of (urmp virus 1 was co»nl)iued with the cabbage B strain 
ot ('(lulijlowcv 1 'irus 1 to ]n'oduce the mosaic disease. (Wasiiingtoii Agricultural Kx]M>ri 
Jin'iit Stations, \ege1able Seed Production Ijaboratory, Alouiit V'enioii, Washington. ) 

Varietal Erariion of Colton, to Eactrrial lUif/ht. lUv, \\\ W. Approximately 250 
varic'ties anti *selections of (*ott(*n have been tt‘stcd in the st'edliivg stage to dt'tt*rminc their 
reaclions to tin' bacterial-blight organism. This technique involved soaking acid-thdinted 
seed in a bacteiaal suspension, planting this seed in moist sand, harvesting rhe seedlings 
ono week later, and sealijig th(‘ disease intensity by nieaijs of a diseast* index l)ased on the 
number ot healthy and tlisc'ased cotyledons and the nature* (d* the lesions. The ve'sults 
obtained l.)y means of this rapid t(‘clmi(p»e showed good correlation witli those obtained 
by inoculating older plants in tlic fn'ld. With but few exceptions, commonly grown com- 
nu'rciai varieties were* the most susce|>til>h* te> blight. C(.‘rlaiii lines such as Stoneville 20, 
Stouevillo 02-1, StoiievilJe -402, and Oklahoma d’rinmph 92-1 had considerable resistance. 
Th(‘ artiticial iiioculaticui of seedlings and lield plants to determine varietal reaction to 
bliglit is ])\'oving very nsc'ful in cottmi breeding. 

A Eiisty Mottl( til'i Virus Diseast of the Su'cct Chrrry in I'tah. Rekve.s, F. L., and 
B. li, Richards. A virus disease of svve(*t cherry resembling rusty mottle occurs in 
destructive pro|)ovtions in Ftali orchards. Jncidence of transmission liy Inid graft is high, 
a|)proacliiug IDO per c(*nl. The* virus rapidly becomes systemic in the tops of inoculated 
ti'ees and induces in s(*<{ueu('e retarded blossoming and leaf development in the spring, 
brown n(*crotic h-af arenas with shot hok* effect, early senescence and ext(*n.sive defoliation, 
rust color(*d chloroti<' spots, ])!enmture autumn senescenci*, roughening of bark, and bud 
killing. Rangy limlis with soant foliage, usually contin(*d to terminal ]»()rtioiis of luanches. 
ultimalely result. In early breakdown (d* chlorojOiyll resulting in ring-sp(»t and lim* 
ti'ins, in eai'ly leaf H(*nesce!ice and snbseipient defoliation prior to fruit rijiening, tlie 
diseast* in Dtah follows tiu* .sjinie sequence as and l•(*s(*mblt*s ('sseiilially rusty muttk* de- 
sci'ibed for Wa-hiiigtou. In Washington, leaf necroses, pvonovinced devitali/alion of tin* 
1i*e(‘, blossom a:ul Ji'af retardation, and bark ronglieniiig do not oi-cuv. Gonsideration lias 
be(‘ii given to the possibilities that ( 1 ) the virns in Flah is a moix* virulent form, (21 the 
disease* in rt'snlts from a combin.ation of virns(*s including llu* rusty niotth* virus, 

(l>) the environment inllueins's expression, (4) a difrer<.*nt virns is invohcfl. 

Wilt and Dretine, a I’irus JVstasf of Sirr/i and Soar ('herrits in I tah. Richards, 
B. 1;., E. li. Rkkvks, and Lde M. Mctchixs. “AViUG’ and “ di(‘l)a('k, ” rommon diseases 
in the* swe*et, and sour ('he*ny, leave* leuig be*en obse*rved in Utah orchards. These well- 
known elise'Mse! assnnie* aelditioiia 1 siguiticaiu'c be'cause buds taken froin re*d leaf-diseasetl 
e'he)k(*che*i ry plants ami grafte*el intei sweet and sonr clierry varieties on Alalealeb rootstock 
indnee a charact(*ristic cherry wilt during the se*asoii following inoculation. A deiiiiite de¬ 
cline* occurs ill trees that survive the wilt. The wilt and de*c]ine, ailiticially produtit'd, 
resemble* in many re*spects the disease’s observed in the* orchards. Decline is: progressive 
and, although soiiu' of tin* inoculated trees elie within 2 years, others survive for a nnrnlier 
of vears. J^lvieleiice indicates tliat both wilt and decline result cithevr from the direct 
etfe'ct of tin* virus or from the effect of products of the disease on the Mahaleb rootstock. 
The virus failed to pass from dise.'ised sweet clierry liranches througli ?vlahaleb understock 
to healthy branches of the sw(‘(‘t cherry separately lop-worked on Mahaleh. R(*d leaf in 
the ch()keclu*rry has Ix en experinu'utally connected Avith the form of \V(‘stern A" disease* 
of tlie peach in ITtah. A lelationship between tho cherry Avilt and Wt'stern X in peach 
ap])ears to be demonstrated. 

Ejfeid of Soil Nntrients on the Devdopmenl or Suppression of the Leaf^roR Siimploni 
in the Green Mountain Potato Grown in the GrcenJionse. Richards, M. C., R. C. Jones, 
and Sa’DART Dunn. From December to March, Avlnm days are short and f ri'qucnlly cloudy, 
tho leaf-roll svmptom can lie masked in the Grt‘en Mountain v;iri('ty of potato groAvn in 
the greenhouse by adding to tlu* soil at planting time certain soil nntri(*nts, Wlicn tubers 
Avith st^v’ero net necrosis wiTc ])lanlcd in d-inch pots to which 11 g. sodintii nitrate or 11 g. 
of 8-l()-l(> fertilize*!* had lieeii added, the leaf-roll symptom was absent in from 75 to 100 
per cent of tin* plants. IMaiits from s(*ctions of the saim* tubers plant(*d in pots Avith 11 g. 
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fiiiperplKisphute or 11 g. potnsshiw cbloriilo hiid tvoJJ-dtncloped symptODis in fii to JIM) 
I>or ccul of the awes. I'tniitfi in the pots eontnining nitrogen or complete fcrijmer showed 
a hif^hcr percentage of mrisking when the soil Avas kept relative/y dry. The masking was 
less wli(‘n the tests wert? rej)eated in April and Maj’", and no inasking occurred when similar 
tests were made in the field daring the sinnnic]*. There appears to be a relationship be¬ 
tween light conditions and nitrogen mitricsnts with respect to the suppression of the leaf- 
]‘oll svinptom in the Green Mountain potato. 

Geographic Disfribution and Control of Tillcf ia spp. in Mexico. lionitiGUKZ Jose. 
Bunt is second to stem rust in importance as a disease of wheat in Mexico. Losses up to 
40 per cent have been recorded in fields where nontreated schmI was sown. While the dis¬ 
ease occurs Avherever wheat is growui in Mexico, greatest losses occur in the iiortlK'rn wheat¬ 
growing region. Tillctia levi.^ comprised 87.0!) per cent of collections made? in .1945 and 
w^as found in all parts of Mexico Avhere wheat is grown. TUletia iritici, wliich r('])rcsented 
12.91 per cent of the 1945 c.olloctions, has Ixaui foipd only in southeiji Mexico. In this 
area spring and durum types of wheat ])rcdoniinate wliile in the North, spring types, semi- 
■wiiiter, and winter types occur in that ord(‘r. llegional variety tests are in ]>rogress, a seed 
treatment campaign is getting nnd(*r way, and improved varieties are bi“ing d(W(?l()j>ed. 

Ob.scrvationn on Leaf and Stripe Bust of Wheal in Mexico. Kodkiuttez V., Jose. 
Field tests in central Mexico demonstrated that a number of imiirovaal U. B. wheat varie¬ 
ties Avere highly susceptible to the races of leaf rust (Puecinia rnbigo-vera) in Mexico. 
10lot, Rival, Itegcnt, Renown, and Ntnvthatch were susceptible. Mida Avas r(‘sistant. 
♦Several selections of Ken^’a Avero moderately susceptible, and three durunis, Minduin, 
Kubanka, and Arnaiitka, rusted rather heavily. Carlton and vStevvart were resistant. 
Most of the local varied,ies Avere susceptible to leaf rust. Stripe rust {Puecinia glumarum) 
attacked many local wheats during laic Avint(‘r or early spring when they were heading. 
Some of the Kenyas also were susceptible as AAa*re many lines of Renacimieiito x (41-11 (i ). 
lanes from Trigo Supreme x (41 -llO) AV(‘re resistant. 

A Dwarfing and Witches* Broom on Corn in lotva. Semeniuk, G., I. K. Melh us, 
J. II. Wallin, C. L. Gilly, and Mukiel OHIiuen. A dvvarling, branching, and witches 
broom disease on maize has occurred sporadically in Iowa during th(‘ last 20 years. This 
past season, 1945, it was mon* common than at any ])rcvious time. In some Ioav lands in 
the north c<mtral part of th(‘ State, from 2 to 50 |)Cr c(mt of the plants AV(‘re diseas(‘d. 
Many hybrids were affected. The dAvarfed ])lants vv(‘i‘c often l(‘ss than 2 feet tall and 
exc(‘MHively branched, in some cases the plants Avere only a fool tall and d(uid Avlieii 
healthy corn was in the milk stage. Tn certain othtn* castes the plants were not stunted 
but AV(‘ro excessively tall, Avith almost twir ' the normal com})hmient of l(;aves and with fcAV 
branches. Numerous witches’ brooms were i>roduced by the terminal meristtmis of tlu' 
side branches and the floral organs. Leafy shoots develojK'd from the floral organs. Oftem 
tlies(^ witches’ brooms Avere oii partially dwarfed and much branched plants. lJ>oso syni])- 
toms of dw^arfing and excessive branching were like those tauised by Sclero.spora graminicola 
and already described on corn and other hosts. This pathogcji was ])revalent on Sclaria 
viridis in the cornflehis. Weather conditions in the spring Averc cool and Avet, favoring 
Sclerospora i ri fection. 

Siudie.s on the Milo Disea.se. Blagg, C. M., and 1 j. E. Melciieus. Laboratory and 
greemhouso studies on the root rot of milu, or “milo disease,’^ from 1959 to 1945 indicate 
that fungi oilier than Pythrum arrhenomancs l)i(‘chs. may be mainly responsible- as causal 
agents. Pure ciiltm*es of P. (irrhcnomanes, Fu.sarium wimilifornie, Cortic‘h^^ vagum^ and 
other fungi isolated from diseased milo jilants, wcri^ si-jiarately inereas(*d in steamed soils 
AAliich were later plantitd Avith seed of resistant and of susceptible strains of milo. Tin* 
eoin|)arative groAvth of resistant and susceptilde strains in any soil was used as a measure 
of the severity of the l oot rot in that soil. Appearance of the milo disease in steamed, 
noninoculated soils led the writers to siispc,ct s(‘ed transmission, and this was proved experi¬ 
mentally. Jn 1941, 22 different lots of milo seed groAvn in 1959 and 1940 at Garden City 
and Ft. Hays, Kansas, avck* tested, and 8 of tliese seed lots transmitted the milo disease. 
In 1942, 27 different seed lots wore tested, of which 10 trjinsmittcd the milo disease. One 
seed lot more than 3 years old infested soil in Avhieh it was sown. 

Studies in the Northern Great Plains upon the Effect of Crop Sequence on Moot-rot 
Losses in Cereals and Grasses. Sprague, Roderick. Field and greonhouso studies have 
shown that crop-rotation practiee.s have had certain effects on the parasitic activity of 
Pythium arrhenomanes Drcichs., P. debaryanum II(*sse, and Hehninthosporium sailvnm 
Pam., King and Bakke on small grains and grasses in western North Dakota during the 
favorable crop years of 1940-45, inclusive. Ail but P. debaryanum Averc greatly inhibited 
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after several years of continuous fallow but one-vear fallow rli,l ..af ... • n t 

m holding root-rot losses to a nuulerate level. Burny.ard manure r.uluaul roc^ ro s onlv 
durmg years of abundant iMecip.tation. as did green manure crops. The use of grasses in 
long-t(um ro at.ons was of value reducing losses from root rots during the .rrain cron 
yeiirs, proyidpd poni or somo crop otluM* than sniall-grain followed breakinir. Kotatioii 
pi.ictU’(‘H 111 ..it niaiiit.Miii soil lorlility as much as possible aid the croj) ])Jnnt in its compe¬ 
tition with th(‘ soil fimj/i foi- nutrients. (U. 8. Department of Agriculture and North 
Dakota Agricultural Exiieriment Station.) 


Adaptation o/ Monosporidlal Lims of Ustilapo zeae to Arsenic. Stakman, E. O., 
lK.\yiK \ .Stevenson, and (1. T. Wilson. Nonmiitable as well as mulalile haploid iiiono- 
sporidial lines of I sti(af/o zcac increased their tolerance for sodium arseuite from an initial 
tolerance o.t J400 to /t)(_)() jipin. during 10 transfer gmicrations on arsenic media. 

Ability to grow on the same concentration of arsenic also increased Avith siu'ci'ssivc tr:ins- 
fer.s. At ;i000 jijun. the colony size increased from 15 to 28 mm. as a result of successive 
transfers. The* ;ippeaiaTice of colonies on arsenic nu‘dia was different from that on potato- 
d(‘xtrose ag.ar. Whim ars(‘uic-ada.|ded lines w(*re returned to arsenic-free media they 
tended to revcit to tii(> original cultural type and to los<* their tolevauce for arsenic. At 
tlio end of 4 transfer gerieratioris on fiotato-dextrose agar thev had reverttid to the original 
in all res])(‘cts, although initial growth still was slightly slower than that of cultures th.‘it 
had IsH'u on potato-dextrose agar continuously. 


A yrir M cl hod of Inoculaiing Some Maydeac with Vslilacfo zcae (Bcckm.) Unger. 
Stevens, .Kav', I. p], AIelitus, G. Seaienii'k, and TjOis Tjefanv. Corn, germinated on 
moist Irlotters and Avitli plumules one-half to One and one-half cm. long, were inoculated 
witii s|)oridial suspensions from 2 monosporidial lines of IJstilago zeae. The lines, grown 
sejiarat.ely in carrot decoetion, vvcr(‘ mixed and iiiji'cted by liypodermic ne(‘dle into the 
plumule slightly aliove tlu* coleojitiU' nodi'. Infection afipeared Avithiii 5 days on inocu¬ 
lated seedlings held at 8()-’ C. and 90 per cent relative humidity. Well-devclojied galls and 
dwartiug of plumule were I'videut 2 days later. The .115' collections of inbred lines, 
liyhrids, .and open-jiollinated varieties from the United States averaged 90.5 piT cent infec¬ 
tion ; lOr) collections of Mexican and Central American opcn-pollinati'd corns avi'ragcd 
88 ))(‘r cent; si'veral collections from (\:'ntrai America had as low as 50 per cent infection. 
When the mixi'd inoculum was diluted with distilled water the infection percentages wi'rc 
lower than with undiluted inoculum. Injection of inoculum into the first iiiternode of the 
corn seedling failed to yii'ld smut. Enehlaena 'mexicana was snsci'ptihle to U. zeoc, but 
Tripsaemn dac( i/loidrs and Col.r larhrgma-jobi were not. Corn and teosinti' AV(*re sns- 
cejitibJi' to 1\ dletcliana obt.ained from Trip.mcim. These plants at llowering developed 
sori like tliose found on Tripsaenm and similar to those foiaued on sugar cani' liy V. 
scitaminra. 


A (U)rr(l(ition hr lu'rcn Itigment Vrodnelion and rathogenieUg .I niong the Actinomyces 
Causing Scab of V(dalo. TAViiOU, Cari.ton F., and Phakes Decker. In tAvo consecutive 
studies, one on the cultural characteristics and one on the pathogeuicity to potato of a 
large number of isolates of the genus Actinomyces (mostly from scabbed potatoes), there 
was a ]iositive correlation between jiigment production on milk tubes and pathogenicity 
to jiotatoes. Alany of the isolates produced, Avithiii a few day.s, a dark hroAvn ring on 
skim milk cultures. Tlie color of this ring Avas Avithin the limits of 15 i-m to 17 i-m 
(Ridgway). Of the 127 isolati's common to both studies, (il jiroduci'd a dark brown ring, 
while no did not. All of tlii'se 01 isolates caused typical scab of jxitato in controlled 
greenhouse trials, Avliile the other 00 did not. With a numlx'r of the latter, soil inocula¬ 
tion Avas folloAved by sn})erfici.Tl riisseting of the surfaces of some of the tubers. This 
russeting did not resemble typical scab of potato, and in no case Avas it possible to re- 
isol.ale the organism introduced .as inoculum. 

Pathogenicity of Isolates of Jlhizoctonia solani on Soybean. Tervet, Ian W., and 
C. T. Tsiang. Ten varieties of soybean were inoculated vvith 8 isolates of Mhizoctonia 
.soiani in sterimed soil in the greenhouse at 70" .F. The isolates differed considerably 
in virulence and the soybean varieties differed gre.atly in susceyitibility. One isolate from 
sweet clovi'r Avas strongly jiathogenic on most varieties. It caused si'vere pro emergeiice 
killing in the varii'ties Bansei and Taystee but relatively little in the varieties Ilabaro and 
Ka,bbott, although severe stem lesions eventually developed on most plants and there 
wjis coihsiderjible rotting of tap roots and Laterals. Isolates from flax and sugar beets 
were less virulent than the sweet clover isolate, although they caused poor stands of the 
Bansei and Taystee varieties. Pl.aiits with cotyledons rotted aw.ay to leave '‘bald luiad^' 
seedlings were not uncommon in all Aairieties planted in inoculated soil. Such abnormal 
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seeclliiigs wcvv rrtrdv fouml in stonnu'd soil. Altliongli isolates of* solani differed de¬ 
cidedly in viiulenee, tluoe was no evidence of racc-liost specificity. Varieties of soybean 
differed in tlieii- sii.scei)tibility but all varieties were attacked Jiiore severely by strongly 
pathogenic races of /»'. solanf than by weaker isolates. Tlosi reaction, as it is used in 
the s(‘i)aration of races of the rusts and smuts, is not a]>plicable to .such a fungus as H. 
solanL (T. S. Department of Agriculture and Minn(‘Hota. Agricultural Experiment 
Station.) 

Xiilrirnt Jlfqnimnrnfs of an An(ihiolic flail Fnnffus, Slrcplonij/rrs priscns (Ivrainsl'y) 
IVaksman mol Ilmrirl. Thoknukkry, IT. H. Excellent growth of Sircplomyccs priscus 
and good pi'oduction of str(‘]itoinyciu in surface culture' W(‘rt' ol)tainod on a liepiid syn¬ 
thetic un'diimi (glucose, 7.4 g.; KH .PO,, 2.38 g.; KATPO^ ■ 3HA), 5.65 g.; NID lactate, 
5.4 g.; MgSO, • "Tb-O, OdhS g.; ZnSO, • 7HA), 0.0115 g.; Ee80, ■ 7H,0, 0.0111 g.; Cu80„ 
0.0064 g. ; and MnCh, ■ 4H,0, 0.0079 g. per liter at i)ll 6.95). By A arying the concentra¬ 
tion of ('acli constituent witli other components c(^nstant at tliest* amoinits, the optimal 
concentration of each for maximal production wa.d‘glucose, 0.04 M. (lOf) units xter ml.) ; 
])otassimn ydiosphatt' buffer, 0.05 Al. (35 uiiihs) ; NH., lactate, 0.05 AT, (38 units) ; ATgSOj, 
o.Ol AT. (108 units) ; ZnS()„ 5x10 ■‘AT. (47 units); T\'80^, 5 >: 10''AT. (82 units); Cn80,, 

1 -10 "AT (55 nnit.s): and ATnOl., ox 10* AT. (93 units). A new syntlietic medium Avith 
th<! constituents at coiiceutratious of these optima, gave 60 unit.s of stia'ptomyciu 
in shaker ffask and 162 units in surface culture. On beef-extract iiiodinm, production 
of 150 units of stri'ptomycdn and excellent growth Avere obtained at 30'^ C. At 35' C. 
grOAvtli was excellent but streptomycin production aaus nil. 

Linlapr Rrlalionships of a Gene Delerneinine/ Suserpdhiiify lo a Disease in Corn. 
UOLSTRrp, A. J., and A. AT. liRUNSON. 8usc(*plil>ility in corn to infection by Jlelmintho- 
sporinnt earbonnin race 1, is inherited as a monogenic recessive. 'The gtmic ])air is dtjsig- 
nated as Hni hin. 8usce])tible inbred lines c»f coi*ii Avere crossed witli a sei'ies of trans¬ 
location stocks in which tin' gene su was a marker for chromosomal interchange. Tin* Ei 
progenies were bjickcvossed Avitli double rcc(‘ssiv(‘s. T’rogeny seedlings from k('rii(4s sejia- 
rated on tlie I'asis of endosperm-characters wi'ie inoculated in the gretuihouse. In a back- 
cross prog(‘uy involving the interchange T1-4a, 1818 seedlings segregated as follows: 664 
sn Un\; 1.76 sn hm : 15(i Sn Tim ; 703 Sn Inn. 'Phe significant di'viation of this valio from 
the 1:1:1: 1 ratio exjiected in ind('])eudeut inheritance suggested that tlie genic pair 
be located on eitlier chromosome 1 or chromosome 4. I’rogeniys involving intereliauges of 
chromosome 4 with otln'r linkage groups gave typical 1 • 1: 1 : 1 ratios, eliiuiiiatiug chro¬ 
mosome 4. as a possible carrier. Further studies were Avith linkage grou])S of chromo 
somo 1. Tlie F, progenies { -hr. f, ) x (ha/.i l) were l)ackcrosse(l to ilu' triple recessi\e 
ihni hr f, ) and backcross progi'iiii's were inoculated in tin* Held. Segregation in 16 single¬ 
car piogenies was ns follows: Parental CA.nibinations 1346 (///a ; i ) : 1475 ( >hr f,), Kegion 
1 :::377 ( -* * i - 228 (Jini h/’/ii. Region 2-257 -I 45 (Inn'iff), Ih'gion 1 and 2 35 

( ■ -1-175 (Jrin hr -). 33i(* genic pair .//»/ 7/w jirobably is situated on chroniosouie 1 ami 

alHiiit 20 cross-o\('r units to tiie left of the yiair J>r hr. 

]>!'( ( (linff Tobacco VaricCo s Ilrsi.slanl -o Mosaic. V.M.iiKAU, W. 1), There are 2 
sources of resistance lo mosaic, tin* X or Xn f'fiana (ilufinosa factor, and the Mjaa factors 
of Ambalema. 'fhe factor when introduced into loliacco locali/(*s the virus in necrotic 
spots if infection is light or may result in systemic necrosis if infection is heavy. Two 
satisfactory XN A’arieties of hurley, Ky. 52 and Ky. 34, are licing grown exImisiYcly in 
Ki'ntni'ky witli no injury from mosai/'. Attempts to convert Ky. 16 to an XX variety by 
crossing it with iV. (jlntinosa and then making as many as 9 backcrosses witli ,Ky. 16 liave 
resulted m XX vavii-ties somewhat earlier and loner yieldiug than Ky. 16 but Otherwise 
satisfactory. By crossing Tloluies ATX Bainsoini with the suscejitible, dark, fire-cured 
A-arieties Tattle Oritteudeii, Lirtle Orinoco, and Brown Jjcaf, and the air-cured variidy One 
8ucker, and then baclvcrossing 4 or 5 times, resistant varieties havi' resulted that appear 
identical Avith the original varh'ties. The use of thesi' resistant varieties is incix’asing 
rapidly in 2 counties. In over 10 years' breeding no satisfactory var.\eties of burley or 
dark fire-cured tobacco containing tlie Ambalema factors for resistance liave been devel¬ 
oped. Plant tyiK- is not .satisfactory, and the leaves arc inclined to wilt and scahl under 
conditions Avhere other varieties are not injured 

rrcvnh tiLe of JTelniinihosporium iurciettm, Angiospora :^enc, and Phyllacora graminis 
tin Corn hi (tnaicnuila. Waltun, R,. 3'hese iiathogens caused foliage diseases on corn 
in tin' monutainous regions of (Tnatemala and Avert' destructive on tcosinte in Eio Aznl and 
Rio Hnista A-alleys at San Antonio Iliiista and Jacaltenango and at Ijaguna Ectana nt'ar 
I'rogreso. Hclwinflwsporinm often partially or wholly killed h'aves bc'fore corn Avas well 
dented, fruiting jn-ofusely on dead jireas in t lie rainy season. A ngiospora cm used local 
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It-sions only on lent' blados where medial and tclial stages were produeed in succession, 
lesions becouiiiig continent and killing portions of h-aves. J^ln/llamni leafspot was piawa 
lent but not so destructive as Jldmlnlhosporium and Anpiospom, In 1944 and 19lo, wlum 
:\?>H lots of corn from M(‘xicn, IJnit(‘d Stat(‘s, and (Inatemala wm'e grown at oOdt) feet, 
tlioio wc‘i o shai j) diITei(‘iices in rttsistance to all d pathogens. In 1945, MO lots of corn from 
Cual_emala, M from Mexico, and ii from United States were very resistant to Jlcluunlho- 
spovUwi. Ihiil^ (iiiatmnalan, J,» tMexicain, ainl 10 TTnitcd 8t.ates lots wert' resistant to 
Anpiospoio, I wenty-lhre(‘ lots Irom Ouateni.al.a were resistant to ]I( inii)tfh()spot‘iinn and 
Ah (fiospo'i (i. .Most coins A\ere ^ery resistant to J^ijiTlacoi'n, but some wt're markedly sns 
ceptible. (lathering leaves for forage* as ears ni.'itnre and removing croj> refuse from fields 
liefoie planting may t(*nd to hold tin* organisms in (*lu*<'k. 

lincterial Bliphf of (UPIon as Affecicp by the Rclalivc Dciu lopment of Loavrs and by 
tho Mclhod of InocidaliOH. \V kiniUiIno, KicnAan. Ileaetions of individnal leaves are 
greatly affected by the stage, of tiieir development at the time of inoculation Avith Xan- 
(homonas nuih'acrarHHi. \Yln*n matnr<* h‘av<*s \v(‘re spraya^d witli siis])ensions of tliis bac- 
terinm, invasion dep(‘n(led primarily on d(‘gree of stomajiil oi)t‘ning. Mature leaves had a 
larg(vr number of lesions than younger leaves with fewer functional stomata; how(*ver, 
individual l(*sions on exiianding and bud leaves were V(‘ry severe, while tlios(A on older 
l(‘aves vvt‘r(^ progressively sm;iller. Two types of reaction may be distinguished in sns- 
ceptibh* plants inocnlated by various nwdhods. (1) Epiphytotic forms of the di.scaise 
were produced by for(‘(‘fnl spraying at close range wh(*n stomata were* (»pen. Mature, 
ex])andiiig, and Imd leava's became heaA’ily infected, but leaves in the barely mature and 
late expanding stages w(‘r(* the more .s(‘V(*rely affected. (2) Milder forms of the disease 
were produced by applying the inoculum either with forcvfnl s]>ray wlien stomata Averc 
closed, or by using little or no pressure. Infection thus induced was the more serious 
in the expanding and bud stages, and Avas often more severe wIk'u plants Avere placed in 
a moist cliandjer for two days aft(‘r inoculation. 

Cuiiclr Craclcinp in (h'vrn Tomato Fruits. Yor’No, P. A. V'ery small cracks that 
AV(‘re visible only Avith reH(*('ted light develo]K*d abundantly in the cutich* of green tomato 
fi-nits, at the stage u.sually pick(*d for the green-wrap trade. These cracks Avere found 
in fruits in the fii'lds at dacksonvilk*, 'Jk'xas, AAnthin 1 day aftm* 1.38 in. of rain fell on 
.liitu' 22 and 23, 1945, AA'lnm temperatures Avt'rc! 77" to 9(V^ l'\ Most of thes(* cracks oc¬ 
curred as segments of concentric circles over the stem (uid, occupying only the dark green 
tops of the fruit.s. (^i-acks were* from 25 to 3000 microns long, 15 to 45 microns Avide, and 
100 to 300 microns apart, 'fliey resulted from splu‘rical i*xpansion of tlie fruits, and tin' 
long cracks commonly coniaiiu'd rows of smalUvr perpendicular flssur(>s. 4310 cracks re 
mained liyaliiK? until th(*y becann* d(M‘p enough to allow the epidermal cells to dry and 
ilum turn black or brt^wn. Within 5 days, tin* ar<*as Avith numerous cutiide cracks l)ecanie 
sunken and black, making spots i to 1. inch in diameter, '.roinato huyi'rs graded out all 
of the fruits Avitli cnrn le (uacks and seAa*re loss Avas sustained l>y loi-.-il growers. 
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James Peter Jolivette was born near LaCrosse, Wiseonsin, on July 20, 
1915, the son of Bert A. and Vanetta Jolivette. After eompletint^^ his sec¬ 
ondary school training at LaCrosse High School in 193J, he entered the 
University of Wisconsin in the autumn of that year. Early recognition 
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of his ability cairn* in tlie form of tlie Steenboek Scholarship Award, whkii 
is granted annually to a Senior in the ( ollege ol Agiiculture outstanding 
in scholarship, leadership, and promise. He received the Bachelor of 
Science degree in Agriculture, with a major in Soils in June, 1937. Enter- 
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iiig tlie Graduate School in the same institution in September, 1937, he 
completed his Doctorate, with a major in Plant Patholo{;^y and a minor in 
Botany, in June, 1941. 

In the sprin} 2 : of 1941, Jolivette assumed immediate char^ife of the truck 
crop disease field laboratory in southeastern Wisconsin, left vacant by the 
death of Dr. Otis C. Whipple on February 13 of that year. He was ap¬ 
pointed Instructor in Plant Patholofry in July, 1941. 

Havin" been a member of the Reserve Officers’ Training: Corps, as an 
undergraduate, Jolivette held a commission as Second Lieutenant in the 
Officers’ Reserve Corps, U. S. Army, from the time of his graduation in 
1937. Continuing his training in ORC duling the period of his graduate 
studies, he received a promotion to First Lieutenant in July, 1941. Early 
in 1942 he was called into service and reported for active duty on March 
20, 1942. After three months in the Officers’ Training School at Fort 
Benning, Georgia, he was assigned to Company L, 20th Infantry, 6th 
Division, U. S. Army. In May, 1943, he became Ca[)tain of that Company 
and continued in that capacity until his death. After about a year of 
intensive training in this country his Division left the Continental United 
States in September, 1943. Following a brief stay in the Hawaiian Islands, 
his Company entered the New Guinea cam])aign early in 1944. During 
this campaign he was awarded the Silver Star. On January 9, 1945, Amer¬ 
ican troops invaded Luzon, P. 1., at Lingayen Gulf and Com|)auy L par¬ 
ticipated in this landing. On February 2, 1945, Captain Jolivette was 
killed by enemy fire at Munoz, P. 1., while eonductiug a volunteer detach¬ 
ment in the rescue of wounded men and officers. Burial was in the Santa 
Barbara cemetery near by. He was awarded posthumously the Purple 
Heart Decoration and a second Silver Star citation. 

During his scientific career, Jolivette was engaged in researcJi on vege¬ 
table diseases. He carried out very creditable work in the boron defi¬ 
ciency diseases of beet, cabbage, and other vegetables. He studied criti¬ 
cally the histological changes brought about in growing plants Avhich were 
deficient in boron and took an active part in disease resistance breeding 
programs under way with cabbage, tomato, and bean. 

As an investigator he showed marked ability and originality. He took 
the lead among his associates in the application of modern statistical meth¬ 
ods to the design of pathological experiments and to the analysis of results. 
He showed unusual strength in making contacts with growers and vegidable 
canners. His field of scieiice has been deprived of a recruit who had* won 
his spurs ^s an investigator and show^ed great promise both in fundamental 
research and in its applications to the agricultural industry. 

Captain Jolivette was married on August 23, 1939, to Eloise Lauson. 
He is survived by his wife and by two sons, Peter Lauson, born May 27, 
1941, and David James, born December 11, 1942. 

A man of kindly and reserved temperament, his loss is felt keenly by 
his many scientific colleagues and his acquaintances in the agricultural 
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industry. Plant Patholoj>y has lost a promising recruit in a man M’ho held 
defense of his country as liis first duty. His r(‘(*ord remains as an inspira¬ 
tion, alike to those who knew him and to younger men who follow him into 
this field. 

Research papers in which Jolivette was an author are as follows: 

black spot of caTuiin^^ btM‘ts and its control. Canniiifr Ap* 19: 489-491; 508. 
19:i8. ( Witb J. V, Walker and .1. G. McLean.) 

Studios on boron doficioney in jrardon boot {Betn rvlooria). (Abstr.) Phvtopath. 31: 2.'b 
1941. (With J. C. Walker.) 

The boron doficioncy disease in cabbage. .Luir. Agr. Res. [U.S.] 62: 573-587. 1941. 

(W^th J. 0. W^alker and .Ioitn G. McLean. ) 

Iloroii doticionev in garden and sugar beet. Jour. Agr. Res. [TT.8.] 66: 97-123. 1943. 

(With J. C. W’ALKKH and John G. McLean. ) 

Kffoct of fioron defici(Micv on the histology of garden l>eot and cal>bage. Jour. Agr. Res. 

I U.S.] 66: 167-182.' 1943. (W^ith J. C. WUlker. > 

Productivity of mosaic resistant Refugee beans. Phyt(»path. 33: 778-788. 1943. (With 
J. ('. Walker.) 

3’hc limitations of spvaviug t(»matocs in W’isconsiii. W'is. Agr. Exp. Stat. Res. Bull. 152. 

1944. (With J. C.'Walkkk, O. C. W^miitle, and W. J. TTooker. . 

V^arietal 8usce])libilitv in garden b(‘et to boron deficicuicv. Soil Science 59: 461-464. 

1945. (With J. G. Walker atid W. W'. Hare.) 

Yellows resistant cabbage variidies in the early and mid seas(»n round head grou])S. P. S. 
Pept. Agr. Tecli. Bull. (In ]U(‘ss.'i 



SOME FEATURES OF THE SPREAD OF PLANT DISEASES BY 
AIRr-BORNE AND INSECT-BORNE INOCULUM 

E . E . Wilson and G . A . B a k k r ^ 

(Accepted for publication January 21, 194(>) 

Visual evidence of the spread of phytopatho^^enic fun^>i by wind is 
afforded in the developiiieiit of the diseases on above-f?round parts of sus¬ 
ceptible plants near a source of inoculum. Plant pathologists have fre¬ 
quently reported the disease zones or gralients that appear in such loca¬ 
tion, but few have given the phenomena critical attention. They agree, 
however, that the decrease in the incidence of infection as distance from 
the source of inocuhim increases is probably associated with a correspond¬ 
ing decrease in the density or fre(|ueney of the inoculum in the air during 
the dissemination period or periods. If this is true, it follows tliat the 
characteristics of the disease gradients might reflect the i)attern of spore 
dispersion,- but since the disease results from the interjday of a large 
number of factors, some atfecting spore dissemination and others influencing 
infection and the development of symi)toms, the infection pattern would 
probably not possess features identical in all T‘espects with those of the 
aerial spore pattern. According to Gregory (8), liowever, t'crtain features 
of the gradients reported for various diseases are noticeably constant. This 
he believes is due in large measure to a fairly constant pattern of spore 
dissemination. Gregory (8), moreovcu*, analyzes some of the jiublished 
results on different disease ami aerial spore density gradients, and shows 
a correspondence between these data and featui’cs [uM*taining to the transftM* 
of atmospheric properties (heat, momentum, and susp<‘nded particles) by 
eddy diffusion. 

The present writers (19) attempted to sliow the relationship between 
the spatial distribution of blossom blight, caused by Sch rofinia hhra Ader. 
and Ruh., in groups of apricot trees, and the pattei*n of spon‘ dis|)ersion; 
paying particular attention to effects of wind velocity on the |)attern of 
spore dispersion. When a study of data collected by others Avas iindiu'- 
taken, however, it became apparent that the individnal etfeets of the 
numerous factors involved could not be dct(*rmin(‘<l, because information 
regarding these factors was not given in the published reports. It was 
desirable, therefore, for the analyses of such data to follow a proctMlure 
that would provide for the effects of a large number of undetermined vari¬ 
ables without being eiimbersome. 

The writers wish to describe a metliod based on the results of their (19) 
earlier studies of spore dispersion and to compare this method with that 

1 Assodfite PhiTit Pathologist aod A.ssistant Statistician, r(‘sp(‘ctivcly, 

2 The sca.tt(Ting of spores in thv, (iimensions tran.sv(‘rse to the main diroction of tin' 
wind. Meteorologists employ tlie term ‘‘diffusion'^ to describe a similar proc(‘ss in the 
transfer of atmos|)he.ric propertic.s by eddy movement. 

4IH 
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described by Gregory (8). Inasmuch as the mathematical procedures in¬ 
volved are more or Jess standard, they are not described in detail. 

correlating the pattern of disease infection with the pattern of 

SPORE dissemination 

Seven gradients of brown-rot blossom blight were reported by the 
writers (19); 3 for 1939 and 4 for 1940. Though the rate of decrease of 
infection with distance was greater in 1939 than in 1940. the curves repre¬ 
senting the incidence of blossom infection in trees receiving the ino(nilunL 
when expressed as percentages of the incidence in source trees, were 
described by the equation: 

A 

wliere i/ was tlie incidence in recipient trees, .r the distance in feet from 
the center of the nearest source trees, and A and p were (constants depend¬ 
ing on the wind velocity during the period of ‘^effective disseinination/’' 
and perJiaps on other (juantities to a lesser extent. 

According to results obtained by releasing spores and intercepting them 
at differmit distances downwind, the aerial density^ //, of these bodies 
diminished alioiit irnersely proportional to the scpiare of the distance from 
the source. Hence, if the density at the station, x, nearest the source at 
which spores were inter(*epted was considered to he 100, tlie densities at 
sulisequent distaru'cs, expressed as percentages of the density at Xy, were 
<h‘scribed bv 

( 2 ) 

X- 

A(*cording to other tests (19), moreover, the dispersion of air-borne spores, 
over open ground at h‘ast, iiicrea.sed approximately proportional to the dis¬ 
tance from the sourc<*. Thus, the chances for infection of recipient plants 
downwind from the sour(*e of spores would probably diminish inversely 
jiroportional to some jiower of the distance from the source. 

In the studies (19) of ajiricot blossom bliglit it was possible to deter¬ 
mine the iiK'idence of infection at the source. With many diseases, how¬ 
ever, this is fre<|in*ntly impossible, since the source may be an alternate 
host of tlie fungus, a group of plants differing in sus(;eptibility from the 
recipient plants, or in some instances refuse such as piles of potato tubers 
(2). In order to com|iare the rate at which infection diminishes with 
distance, tlH‘refor(‘, it is necessary to take as a reference point the incidence 
of infection at tlie location nearest the source at Avhich observations are 
made. This was the procedure adopted for studying aerial spore densities. 
In these spore dissemination studies the distances from the source (point 
of release) wer(‘ .r, - 5, x. - 10, and x. = 15 feet. As it happened, the density 
values obtained at these distances led to the relationship expressed by 

Disacminatioii resulting in the initiation of infection in the recipient hosts. 

* jiumhor of spores j)MSsing through unit ureji of a plfinc transverse to the mean 
direction of the wind. 
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equation 2. Suppose, however, that instead of intercepting the spores at 
5, 10, and 15 feet, they were caught at 10, 20, and 30 feet. In the first 
case the spore density values at 10 and 15 feet would be expressed as per¬ 
centages of the value obtained at 5 feet, and in the second case the values 
at 20 and 30 feet would be expressed as percentages of the density obtained 
at 10 feet. In both cases, however, the relative distances would be the same, 



i!IG. 1 Curves expressing the density, y, of air borne B})oreH at increasiiig distain'cs, 
X, from the source of spores. The unit in which x is measured is the distance from the 
source, to the nt‘»irest station, ic,, at which observations are nifide. The critical distance 
from the source is such that if x, is at this distance tin* observed data will follow A the 
inverse square law. Increasing Xi by two or six times the critical distance, on the other 
hand, produces curves B and C respectively. 

1, 2, and'3, etc. If, as indicated by experiinents (19), the density values 
obtained at 5, 10, 1.5, etc., teet from the source were expressed bv equa¬ 
tion 2, the ’•esults would plot curve A, fijjure 1. Judging from this curve, 
the rate at which the values approach the x, axis diminishes rapidly as 
absolute distance from the origin increases. If, therefore, spore density 
Avas measured at 10, 20, and 30 feet, the slope of the gradient would be le^ 
than that represented by curve A. Since the same relative distances are 
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involved, the curve would originate at x = 1, but for successive values of x 
it would approach the axis less rapidly than A. In order to adjust for 
the effects of varying the absolute distance from the source to the first ob¬ 
servation station, the (piantity a is introduced into e(|uation 2 as follows: 


^ (x + a)^ 


(3) 


To determine the curve of best fit for results which vary with respect to 
the location of x, some rule for selecting a must be found. Equation 3 con¬ 
tains only one constant, a, to be determined, so we are to impose a single 
condition, the simplest and most desirable of which, perhaps, is that the 
sum of the differences between the observed and tlieoretical values be zero. 


The method for calculating a is a standard mathematical procedure. 

To illustrate, the slopes of curves produced by equation 3, curves A, B, 
and C in figure 1 are plotted for a values of 0. 2, and 6 respectively. In¬ 
creases in the value of a decrease the slopes of the curves. 

In as much as the original data and details regarding the circumstances 
under which results wei-c secured can be obtained from the literature cited, 
the presentation herein is confined to the i>ercentage relationships between 
disease development at various relative distances from the source of in¬ 
oculum. These percentages are computed from the original data, which 
in some cases were tabulated but in others appeared in figures and maps. 


disease ORADIENTS REsrLTiNG FROM Aia-BOR.N*E iNOCrLT^M 

According to Stepanov (17), botli Gorlenko and Grushevoi determined 
tlie spread of crown rust of c»ats in one direction from the alternate host, 
Rhamnus sp. Grushevoi’s results ar(» expressed as the average ^‘gradeof 
infection in an area “iminediately neighboring’’ the source and at 10 and 25 
^‘sazhen” (70 and 175 feet) from the source. Since this leaves only two 
I>oints on which to establish a curve, Grushevoi’s data are of little value. In 
figure 2, however, the (*urve is drawn on the assumption that the first point 
was 5 “sazhen” fi'oin tlie source. The distance at which Gorlenko made his 
first observations is not given, so computations are based on inlection at the 
second distance, 45 meters. 

Through the kindness of Dr. C. A. Suneson of the Division of Cereal 
Crops and Diseases, V. S. Dei)artment of Agriculture, the senior writer 
obs(*rA^ed in the spring of 1945 a case where crown rust spread from groups 
of wild oat plants growing along an irrigation ditch running east and west. 
These plants, havii»g obtained moisture from the ditch in late summer and 
earl^' autumn, were much earlier to develop than other oats in the vicinity. 
They were infected bv Puccuuo covotiotct„ probably in the autumn of 1944 
before oats in the vicinity started development. In any event, a marked 
gradient of new infection by the crown rust fungus extended from these 
plants northward through the stand of less mature plants. In April the 
senior writer secured one set of counts on the number of lesions per 100 
sq. cm. of leaf surface in recipient plants at different distances from the 
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edge of a group of source plants extending for a distance of 3 feet along 
the ditch bank. Pnfortmiately, further counts were precluded because 
lesions resulting from secondary infection appeared shortly thereafter. 
The results, together with the curve of best fit. appear in figure 2. 

Although the number of points at wdiieh the Russian workers made their 
observations are few, and the first point in Oruslievoi^s data is an assumed 
value, curves are fitted to them very satisfactorily by equation 3. The 
vsenior writer’s results also are fitted satisfactorily. Here the number of 



<:^/5/a.‘7ce fra, 7 ? af /.^oCu. j fT: 

Fjg. j. Gradients of erowu rust infectjoii on out (ihiiits in the vieiiiitv of luicktljorn 
bushes (Gorlenko and Gnishevoi) and on youu^r >vjhl outs in the vicinitv of inon* iiiuture 
wild oat plant a which served as a source of spon-s (Wilson i. 

observation })oints were niore numerous and, c()iise(jueiit]y, tbe trend of 
the data ai)i)ear.s in greater detail. 

Results reported by Buchanan and Kiiumey (3) and Posey and Ford 
(I 0 ) pcTtaining lO the spread ol the blister rust iroiu ('urraut bushes to 
pine tre(^s are represented faii’ly well by tMiuation 3 (Fig. 3), the major 
ditierence between observed and computed restilts being iu the teudeiicy 
for the slope of tbe gradient at two or three points near its outer boundarV 
to be greater than tliat of the curve. For exanii)le, iu curve A from rela¬ 
tive distances 1 to 11 the trend of the observed percentages is reasonably 
w’ell represented by the curve, but for relative distances 13 to 17 the ob¬ 
served values decrease more rapidly than the curve. Similar tendeneies 
w'ere noticeable in the gradient north and south of the source, and in 
gradients of a few otlier diseases. Though one might conclude that such 
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data mi^ht bo more exactly represented by an equation in which the ex¬ 
ponent of X was f^reater than 2, the rapid decrease in the value obtained 
at the outer bovnidary of a gradient is possibly due to chance events such as 
the nonuniform distribution or grouping of the recipient hosts, or to obser¬ 
vations on insufficient numbers of individuals. 



FKi. ;i. a .Mild )Tradit*i!t.s of Idi.stor rust infection in pine ^vost and oast, 

rosptM'tivoly, of a ^n-oiip at' rnriMiil loishos (Posey and l^rd). B, a gradient of blister 
rust infection in pine tuMS surrounding a grou}» of iuirrant bushes (P*uchanan and 
Kiininey). lb a gradiiuit of late blight infection in a potato field near a pile of refuse 
pot.Mtoe.s. 


Bonde and Schultz (2'i observed the spread of late blight, caused by 
Phyiophthora infrsidns from refuse piles of potato tubers to nearby potato 
fields. Table 8 of their pa])er reports the percentage of recipient plants 
infected at various distauc(*s from tlie source and the number of lesions 
})er 100 plants at these distances for one field. While the percentage of 
plants infected cannot he represented by e<jnation 8, the data on the num¬ 
ber of lesions is roughly fitted. On the other haiul, the average percentages 
of plants infected in five other fields are well represented by equation 8, 
as can be seen in curve D. figure 8. 
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The forej:?oiiig’ data were selected as fair representations of the apparent 
general agreernent between observed results and the concept that a basic 
pattern is reflected in most of the disease gradients. Further indications 
of this are seen in Boevsky’s (1) studies of the spread of leaf rust of wheat 
(results for June 13). Here the percentage* infection at 50, 100, and 200 
meters from the source corresxionds very closely to eciiiation 3 with an a 
value of 4. Results on the spread of tulip spot given by Wallace (18) and 
compiled by Gregory (8, table 13, observations for April 4) are in good 



Fig. 4. A, a, ^jradient of yellow dwarf iiifeetion in a potato fiold adjacent to a 
meadow from wh^li the insect vector migrated (Framptoii, Linn, and Haiising). H, a 
gradient of angular leaf spot infection in cotton plants east of a row inoculated with the 
causal bacterium (Faulwetter). 

agreement witli eciviation 3, ha\'ing an a valne of 0.76. Two out of three 
gradients'of loose smut of wheat reported by Oort (13) are described fairly 
well by equation 3 with a values of 2.84 and 6.5. 

In certain cases ref)orted by other workoi-s tlie percentage inl’cction at 
successive distances decreases irregularly, and in consequence, no type of 
smooth curve can be made to pass tlirough more than a few' of the observed 
values. By and large, however, the general trend of the data is expressed 
by equation 3 in the following eases: cedar-apple rust (16), downy mildew 
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of onion (11), powdery mildew of barley (14), and eye spot of wheat (12). 
On the other hand, the spread of black stem rust of wheat from barberry 
to wheat reported by Johnson and Dickson (9) is not represented by 
equation 3. 

According to Paul wetter (4), the bacterium, Phylomonas malvaccarum, 
causing angular leaf spot of cotton is spread in wind-blown droplets of 
rainwater spattered from the surface of infected leaves. Faulwetter (5) 
pi’csents maps illustrating the spread of this disease from a row of inocu¬ 
lated plants in the middle of a cotton field. Prom Paulwetter’s figure 1 
the present writers compiled data pertaining to the number of lesions per 
])lant in 14 successive rows east of the i)ortion of the row inoculated with 
cultures 140, 143, 148, and 151, and in 4 successive rows east of the portion 
inoculated with cultures 141, 146, 149, and 153. Heavy infection of a few 
plants in rows 9, 11, 12, and 13 raised the averages for these rows. The 
location of these i)lants in groups suggested the possibility of natural in¬ 
fection having occurred on certain plants in these areas and a subsequent 
spread to surrounding plants. When the high values in these* four rows 
were included in the calculations of the a value, the resulting curv^e fol¬ 
lowed the trend of the majoi’ity of points but ])assed above the lower values. 
Omitting the high values from computations, however, resulted in a satis¬ 
factory fit (lower curve, figure 4), the a value being 1.2. Data from the 
four rows east of cultur(‘s 141. 146, 149, and 153 were described very closely 
by an equation in which a - 2.01. 

GRADIENTS FOR DISEASES SPREAD BY INSECT-BORNE INOCULUM 

At first thought the sju'ead of plant disease by means of an insect vector 
would afipear to have little in common with tlie .spread of disease by air¬ 
borne spores. The individual iirsect flight or hop would seem to be so 
erratic as to preclude a sustained spread in any one direction. In cases where 
tin* insects develop on one crop and, obtaining the pathogen on this crop, 
migrate to another, however, there is an expansion, in some cases unilater¬ 
ally, of the area in which the insect occurs. According to studies by Linn 
(10) and PramptoM, Linn, and Ilansing (6), the migration of vindiferous 
lea [’hoppers from source or reservoir plants into adjacent plantings of sus- 
cej)tible crops, results in distinct gradients of infection. Linn (10) noted 
that the jierceiitage of yellows in successive rows of endive plants in the 
vicinity of weeds from which leaf hoppers had migrated ‘Svas in inverse 
ratio^’ to the distance of the row of endive from the weeds, Prampton, 
Linn, and Ilansing (6) comi)are tlie spread of these insects across the 
boundary between two croj) areas to the flow ot a compressible fluid and 
the coinponents of this spread—the average length of insect hop to the 
mean free path of gas molecules. It might be said here that such a con¬ 
cept is similar to that regarding the movement of atmospheric turbulence 
bodies or eddies which are responsible for the dispersion of air-borne 
objects (7). In developing an equation to express the spread of virus 
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diseases of the yellows type, Franiptoii, Liiiii, and Hansino* (6) employ the 
(foneept of an unilateral diffusion process. 

It is not the purpose to examine their treatment here, but by means of 
equation 3 to compare the gradients of diseases arising from the insect- 
spread of the inoculum with those arising from the aerial spread of the 
inoculum. 

In his figure 9 Linn (10) plotted the percentage of yellows in rows of 
endive plants at increasing distances from a weedy strip from which the 
leafhoppers migrated. The results given in his curves A, C, and D were 
converted into the form suitable for application of equation 3. The trend 
of the results in curve B was too uncertain for a profitable treatment. 

The results from curves A and D follow ecpiation 3 to a noticeable 
degree, the values of q differing but little. In (*urve (\.however, the data 
do not follow this relationship but seemingly are best descril)ed by an 
equation for a straight line.- 

h^rampton, Linn, and Hansing (6) illustrate (figure 1 of their paper) 
the manner in which yellow dwarf was spread from a meadow into a potato 
field by the clover leafhopper. For the fii*st 60 }>otato rows the percentage 
of plants infected |)rogi‘essivel\- decrease's as distance from the meadow 
increased, but because of the entry of I(‘aflioj)pers from an uncultivated 
strip on the side of the potato field op|)osite tin* meadow, the incidence of 
disease increased somewhat in subsecpient rows. The data to be examined, 
therefore, are those of rows 1, 20, 40, and 60. 

The exact distance of row 1 from the edge of the meadow is not given, 
although the width of the rows is said to be 18 inches. Consequently, one 
cannot compare infection as to relative distances as we have been doing. 
It is possible, however, to fit the data in relation to the incidence of disease 
in row 1, though a very high value for a results. When this is doin', how¬ 
ever, (Fig. 4), we see that ecpiation 3 apparently describes the data, satis¬ 
factorily. 

Zentmyer, 'Wallace, and Horsfall (20) established plantings of young 
elm trees around isolated old trees which were infeeti'd by the Dutch elm 
disease and also were infested by tlie insect vector of this disease, Scolyfm 
mtiltisiriafus. Two years latei' they determined the p('rcentage of young 
trees attacked by the disease in concentric /oni's whose outer boundaries 
v/ere respectively 25, 75, 175, and 320 feet from the source trees. The mean 
percentages of 3 such plots were taken from their table 1. There' is only 
fair agreement between observed and calculated results because the per¬ 
centage at the last relative distance drops very rapidly, an irregularity noted 
in other disease gradients. 

COMPARISON OF EQUATIOxN 3 WITH AN EQUATION FOR THE TRANSFER OF 
ATMOSPHERIC PROPERTIES BY EDDY DIFFUSION 

The transfer of heat, momentum, and matter by eddy diffusion in rela¬ 
tion to the dispersion of spores is discussed in a recent paper by (Gregory 
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(8). A (forrespondenee is shown between the j)attern of spore dispersion 
and the characteristics of disease gradients on the one hand and the char¬ 
acteristics of eddy diffusion on the other hand. It is proposed to compare 
(Gregory’s treatment with that employed in the present paper. Gregory 
begins by assuming the effect of gravity on most air-borne spores to be small 
in comparison to the effects of forces whicli keep them afloat." Thus, clouds 
of air-borne sf)ores may be regarded as suspensions in the atmosphere. Con¬ 
sequently, their dispersion from a source should follow a })attern similar to 
that followed in the dispersion of smoke by eddy diffusion. For a more 
detailed explanation of this procedure reference should be made to Gregory’s 
(8) paper. Its essential ieatures are as follows: (’onsider the emission of 
air-borne particles Irom a point at the origin of x, //, e (coordinates (x being 
horizontal to the ground in the mean direction of the wind, y being hori¬ 
zontal to the ground and at right angles to the mean direction of the wind, 
and E beingr verti(*al to the ground). A quantity of spores is liberated as 
a large number of small (douds, whieli may or may not take the same direc¬ 
tion, but which diffuse as tlnw travel downwind. The standard deviation 
of the positions of the spores from theii* mean i)osition (the x axis) at any 
given distance from the source is given by c” = According to Gregory 

(8), the gradient of s])ore dejmsition at all distances, .t, from the point source 
will l)(^ described by : 


d>ic =•' 




where 

(lu^ ■-=■■ mean deposition per sq. cm. straight downwind at distance x from 
the source. 

p a deposition coefficient or the proportion of spores that will be 
deposited out of the total number crossing 1 sq. cm. of surface. 

Q = the total number of si)(»r(‘s liberated. 

C a coefficiiuit of diffusion regarded as constant by Gregory. 

m a number Ix'tAvetui 1 and 2 regarded as constant for any set of con¬ 
ditions and any paHhudar time interval. 

This equation des(U*ibes diffusion from a point source. For diffusion 
from a lini^ source at right angles to the wind, the treatment must be modi¬ 
fied. However, the ecpiation for a point source will apply if the distance 
from tiie source is mort* than four times the dimension of the line source (8, 
p. 42). Gradients for strip and block sources will be flatter than those for 
point or lint* sour(*es. Such differences in the steepness of the gradient are 
determined by the exi)onent of x. 

The quantity rn requires some discussion. On page 41 Gregory says that 
m is an indicator of the degree of atmospheric turbulence and to a first ap¬ 
proximation is independent of wind velocity. It is primarily affected only 
by those factors that tend to dampen or enhance turbulence. It has a value 

® Gregory presents evidence that the size of the spore, hence its rate of fall in still 
air, influences very little, if any, the proportion of spores reaching the ground. 
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of 1.24 for low turbulence and approaches 2 for extreme turbulence, a normal 
value being 1.75. Moreover, m increases with the length of the sampling 
periods. In case of dissemination periods extending over hours or days, 
therefore, the value of m is probably a maximum. 

The quantity C is a coefficient of diffusion which is said to remain rela¬ 
tively (jonstant for the layer of air near the ground. It is said to have a 
normal value of about 0.6. 

According to the evidence in the foregoing section, equation 3 of the 
present paper expresses a number of disease gradients satisfactorily, but the 
question arises as to whether the eddy diffu|ion equation i*epresents the situ¬ 
ation more accurately. We shall first examine the results given by 


dit’ - 


p2Q p2Q 


- and if 


100(1 f a) “ 


1.13:c‘ ‘" (x f ay 

on comparable bases. To do this we assume tliat for the eddy diffusion 
equation the relative number of spores, p2Q, has a numerical value of 


113, thus making 100 when x 1. 


The equation becomt's = 


113 


Curve A in figure 5 represents the values of this (‘quation for thirteen 
relative distances from the source, wher(*as curve 15 is the plotted values of 


146 

^ (x + (m)^' 


The close correspondence of these curves is seen by insj)ec- 


tion. The maximum difference between the ordinat(‘s of (uirves A and ]> 
occurs at x 7.76, and is only 0.47 i)er cent. 

We next consider the decu'ease in the sloj>e of the eddy diffusion curve 
occurring when ni diminishes to 1.24, during short sampling periods or when 
atmospheric turbulence is low. Curve C in figure 5 rt‘presents such a curve. 
Curve D gives the value.s of y for eciuation 3, in which a = 1. It is seen that 
the two curves correspond very closely near the source but diverge at dis¬ 
tances farther from the source. 

It is unlikely tliat such small differeiK'Cs as indicated between curves A 
and B will be revealed in disease infection data, or, for that matter, in data 
from studies of aerial density of .spores. The slope of the eddy diftVision 
curve is slightly less than the slope of equation 3. 

In general, the two i)rocedures give very similar jvvsults so long as the 
value of rn is 1.75 or higher. Flatter gradients are said to occur (10) wlien 
the source is a strij) oi* a block. An examination of r<*sults given by Boevsky 
(1) and by Pape and Rademai her (14), regarding changes in disease gradi¬ 
ents oyer a period of time, suggests that the steepness may be modified by 
other causes, one being secondary infection from spores produced on the 
recipient plants themselves. Secondary infection of course introduces com¬ 
plications which preclude adequate treatment by either of the two pro¬ 
cedures. 

No doubt many other factors modify the steet)ness of disease gradients. 
It should be noted that the constant a was originally introduced into equa¬ 
tion 3 to adjust for variations in the distance of Xy from the source. Appar- 
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ently, however, little or no correlation exists between this distance and the 
value of a. Presumably, therefore, the constant a depends upon other 
factors as well. Accordinj? to the comparisons in the foregoing section, 
equation 3 appears to fit the trend of many observed data reasonably well. 
While the eddy diffusion equation may express the effects of meteorological 
factors somewhat more closely than equation 3, it does not cover the great 
differences in slopes exhibited by the observed results. For example, the 



d/sf^7/?ce fro/rj f/?e soi/rce 


Pio. 5. A coiiipiirisoii of curvos produced by the modified inverse square equation 
witii curves ]>roduced by Grejjory’a eddy diffusion equation having different values for 
the exponent of .r. 

minimum slopi^ ])r<Kluc<Ml by the equation for a point source is illustrated 
by curve C, figure 5. On the otlier liaud, many of the disease gradient 
curves are mm/h flatter than curve C. The eddy diffusion equation, modi¬ 
fied to represent dispersion from a block source, is scarcely applicable to 
certain of these gradients, since the sources cannot be considered blocks 
according to Gregory’s (8) definition. 

Hence, apparently the major difficulty in applying the eddy diffusion 
equation arises from its failure to account for the combined effects of the 
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lar^e number of factors wliicli affect characteristics of the gradients. The 
family of curves produced by equation 3, on the other hand, furnishes a 
much more flexible tool for at least a preliminary study of disease gradients. 
If and when the effects of particular factors are determined, such effects 
can be represented by appropriate constants, the values of which are then 
used to determine the value of a. 


SUMMARY AND CONCLUSIONS 


Numerical data pertaining to the spread of plant diseases from centers 
of infection to the above-ground parts of nearby sus(*eptible hosts were com¬ 
piled from the litei*ature, and the rate at 4hich the incidence* of* infection 
diminished with increases in distance from the source of inoculum examined. 
Some data collected by tlie pr(‘sent writers Avere also included. The diseases 
Avere of three categories with respect to tin* mode of inoculum diss(*mination : 
(1) Fungus diseases s])read by means of air-borne spores. (2) A baiderial 
disease spi*ead by means of Aviml-bloAvn rain. (3) Virus and fungus dis¬ 
eases spread by insect vectors. 

The gradients of infection that develop in the vicinity of sources of 
inoculum were com})ared Avith the pattern Avhicli in (‘arlier studies a{)})eared 
to cliaracterize flie aei-ial dissemination of spores. Ac(*ording to the results 
of these studies, foi’ a distance of 15 feet at least from the souiv'c. tin* density, 
01 * nnmbei* of air-boi*ne sjiores jiassing’ Ihrough unit areas of planes perpen¬ 
dicular to the direction of the wind, diminished inversely |)roportional to 
the square of the distance from the soun'C of iinx-ulum, and the rate at 
Avhich dispersion (tin* scattering of spores in dimensions ])er|)endi(*nlar to 
the direction of the wind) increased was directly ]>roportional to the distancf* 
from the source. Thus, the gradient of a<*rial spore density was des(‘ribed 

by the equation, Avhere y is the density at s-. and subsefjuent dis¬ 

tance intej’vals express(*d a percentage i>f the density at .r,, or first dis- 
tain*e interval. In cases Avliere the dis(‘ase rest dted from infection by air¬ 
borne spures, the decrease in incidence of infec.tion at increased distance 
from the source Avas described to a fair degree of accuracy by a modified 
form of this equation, ur.. 


100 (1 I g j-- 
{x ^ a)’^ 


(3 ■) 


Apparently the constant a in this ecjuation deiiends upon the conditions 
under Avhich spore dissemination occurs, as well as u])on tin* location*of ./'i 
with respect to distaiu'c from tlie source. 


Data pertaining to the sfiread of angular leaf spot of cotton by wind¬ 
blown rain, yellows of endive by leafhoppers, yelloAv dAvarf of j>otatoes by 
leafhoppers, and Dutch elm disease by bark b(*etles, .suggest that in such 
cases, also, the relationship between incidence of infection and distance from 
tlie source, in some respects, is similar to that occurring in tin* siiread of 
diseases by air-borne spores. 
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An equation, employed b}- Grej^ory for the transfer of atmospberie prop¬ 
erties by eddy diffusion and representinjr the dis|)ersion of air-t)orne par¬ 
ticles dowinvind from a jioint source, was examined. When normal valries 
for the constants oi this ecpiation were employed, the resulting; i*u)*ve dif¬ 
fered little from tlie curve j?iven by etpiation 3 when a - 0.21. At low atmos¬ 
pheric turbulence or durin<r sliort periods of observin*^- spore dissemination, 
the exi)oiient ol ./• in the eddy diffusioji ccpiation is said to be at its minimum 
value, 1.24. Under such (ionditions the curve of the equation represents a 
less rapid decrease in incidence of disease witli inci*eased distance than does 
the equation 3 (Uirve uhicdi corresponds most closely to it at locations near 
the source. Tims, tlic two typ(‘s of curves diverjie at sorm^ distance from 
the source. 

Field results, therefore, will probably not reveal the small difference in 
relationships b(‘t\\(*cn the two etjuations exccj)! |)ossibly dnrinjr times of very 
low atmosphcrii' turbulence, or wljon 1h(‘ period of etfci'live dissemination is 
vei-v short. 

Tli(‘ major difficmltA* encountered in api)]yin‘ 4 - the eddy diffusion ecpiation 
to diseas(* jiradient data arises from its failure to account for the (*ombined 
effects of a Jar^(‘ numbe]* of variables. The family of curves ])roduced by 
eipiatioii 3 s(‘ems more a|>pli(‘abh‘ to the diverse conditions met with in 
flic field. 
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REACTIONS OP OAT VARIETIES AND SELECTIONS TO 
FOUR RACES OP LOOSE SMUT^ 

E . D . H A N S I N O , E . G . 11 E y N E , and T . B . S T A N T O N 2 
(Aceoptod for publication January 29, 1946) 

Loose smut, Ushlago avvnae (Pers.) Rostr., and covered smut, IJ. kolleri 
Wille {TL lens Ma)?n.) are major diseases of oats in the United States caus- 
ing an estimated averaixe animal loss from 1935 to 1939 of 38 million bush¬ 
els'^ of grain. 

These smuts may be controlled either by treating the seed, before plant¬ 
ing, with New Improved Ceresan or formaldehyde, or by growing varieties 
highly resistant to smuts. 

Breeding of oat varieties r(‘sistant to smut is complicated by the number 
of physiologic ra<*cs of loose and covered smut that are known and being 
found. Sometimes these new or previously unknown races become preva- 
Icuit after varieties resistant to knoivn races have been bred and distributed 
for commercial lu-oduction. 

Tlie purpose of the investigation reported here was to determine the 
reactions of a number of varieties and iirornising advanced hybrid selections 
of oats to 4 races of loose smut that have been collected recently in Kansas. 


HEVIEW OF LlTERATimE 


Reed (()) demonstrated 29 physiologic races of loose smut and 14 races 
of covered smut from ('olhn'tions of oat smut made in 15 states in the United 
Slates, 9 countries, and 4 continents. Navarro, ^larkton, and Victoria were 
inoculated witli all of tlic rai'cs and were resistant in all eases. 


Navarro and Victoria w(‘re liighly resistant to i*aees of sinut in the I'liited 
States as shown by results from the Coopei-ative Uniform Oat Smut Nur¬ 
series coudiicled in 9 to 15 states each year during 1935 to 1939 (13). 
Neither of these varieties lunl any smui during this period, which represents 
over 50 station-year tests for each variety, Markton was resistant, averag¬ 
ing 0.23 f)er cent smut for 65 st fit ion years. Because of its high resistance 
to smut and also to most races of crown rust, Victoria was used extensively 
as a parent for breeding varieties of oats resistant to smut and rust (5). 
Markton was used extensiv(4y also as a parent and Navarro also was used 
(2 and 5). A race of ('overed smut lias been reported, however, to which 


1 Joint ('ontribiition from tlu* Departments of Botany and Agronomy, Kansas Agricnl- 
tnrat Experiment Station, Manliattan, Kans., and the Division of Cereal Crops and Dis- 
ease.s, Bureau of Plant Industry, Soils, and Agrieultnral Engineering, Agrieultural Ke- 
search Administration, U. S. Dept, of Agriculture. Contribution No. 471 and Serial No. 
:i85, Department of Botany; No. 374, Department of Agronomy, Kansas Agricultural 

Experiment Station. , r . * • a i 

2 Assistant Plant Patliologist, Kansas Agricultural Experiment Station, Associate and 
Senior Agronomists, rospectivtdy, Division of Cereal Crops and Diseases, Bureau of Plant 
IndiLstry, Soils, and Agricultural Engineering. 

m. 8. Dept Agr., Plant Disease Keporter. Supplemenl: 94, 1936,* 300, 193/ ; 108, 

1938; 118,1939; 127,1940. 
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Markton is iiiteriiK'diate in siis<*ei)tibility. Smith and Bressinan (10) in¬ 
oculated seed of Markton, witli hulls on aud hulls off, with this race and 
obtained an averaf»e infection of 7 and 34 per cent smut, respectively. Un¬ 
fortunately the collection of smut spores for inoculation by these investiga¬ 
tors has been lost, thus precluding checking of any new races it may have 
contained. 

In 1943, Keed and Stanton (7) demonstrated a new race of loose smut, 
collected in Oklahoma, to which Victoria and Fulghum were susceptible 
wdule Markton, Navarro, and Fultex were resistant. All of the 22 promising 
advanced selections of the cross Lee x Victoria, whi(di were resistant to all 
races of smut prior to this time, were moderately to highly susceptible to 
this new race. 

MATEKIAL AND METHODS 

The 4 races of loose smut^ used in this study were collected in Kansas, 
although 2 of them were from tields planted with certified seed from other 
states. Pace A was collected in a field of Kanota oats in Harper County in 
1937 by J. (). Miller, Extension Plant Pathologist, Kansas State ( -ollege. 
Fulghum and Monarch were susceptible to this race in 1940 after whicli 
the collection was propagated alternately on these 2 varieties. The iiuxui- 
lum used in 1945 was propagated on Monandi in 1944. 

Kace B was collected on an unknown variety of oats in Elk county in 
1939 by J. 0. Miller. Ilichland and Monandi Selection were susceptible to 
this race. The collection was propagated alt(*rnately on these two varieties. 
The inoculum used in 1945 Avas proj)agated on Monarch Sele(*tion in 1944. 

Pace (■ was collected by tin* writers in a test plot of Columbia oats in 
Sedgwick County, Kansas, in 1947. This plot had aj)proximatcly 2 per 
cent of the })anicl(\s infected with .smut. Certified seed of ( olumhia oats 
was obtained from a grower in Missouri for planting these i)lots. 

Pace D was collected in 1944 by the writei-s in a test plot of Fultex oats 
in Sedgwick County, Kansas, in the same field in which ra(*(' (' was colhxded. 
This plot had approximately one per cent of the panicles smutted. Certified 
seed of Fultex oats was obtained from a grower in Texas for planting these 
plots. 

During the winter of 1944r-45 the reactions of 9 smut-t(‘ster vai-ieties and 
18 other varieties to race 1) from Fultex Avere determined (Table 1). Seed 
with hulls off were inoculat(‘d Avith dry ehlamydospoi-es. Tavo repli(*ations 
of 125 seeds each of the 27 varieties Avere i)hinted in a soil bed in the green¬ 
house. The temi)erature between planting and emergence Avas kept at 60'^ 
to 70° F. and the soil was maintained modei-ately dry. One Imndred or 
more plants were obtained for each variety except for a fcAV of the srnut- 
tester varieties. 

In the spring of 1945 the reactions to these 4 races of loose smut Avere 
studied on 12 smut-tester varieties, 21 named varieties, and 20 promising 

4 These four physiologic races of loose smut will be tentatively designated as A, B, 
0, and D. Eventually they will be numbered according to a standard elassilication. 



1946 J 


435 


Hansino et al. : Jjoose Smvt of Oats 

hybrid selections s?r(.wn in the 1945 Cooperative Uniform Sprinj? Sown Red 
Oat Test. In addition, all of the oat strains in the advanced yield test at 
Manhattan were tested to fletermine their reactions to race D. The seed 
with hulls on were inoculated by the partial vacnum method described by 
Zade (15) and modified by Haarin<r (3) usiu<f a suspension of 0.5 jr. of 
chlamydospores in 100 cc. of water. The seed was dried and planted the 
following day in 2 replications in the field at the rate of 5 g. to an 8-foot 


TJ. I-Xtilago avenue that attacks 
Kuhland and Victoria varieties ( haee D). Greenhouse, Manhattan, Kansas, 1944-4.5^ 



V ar ict Y 

C.I. No. 

Plants infected^ 


Smut-iestcr varietif 

’.V 

Per cent 


Fulghum . 

708 

Cl 


Kichland . 

787 

90 


Joanettc . 

1762 

100 


Monarch 

1876 

100 


Monarch Selection 

1879 

92 


Gothland . 

1898 

73 


Victoria . 

2401 

97 


.Red Kustproof 

3212 

0 


Liherty llulMess 

845 

100 


Other varieties 




Bniiiker 

2054 

0 


^•ew Nortex 

3422 

0 


Fulghuin-Markton x Victoria-Richland 

4140 

0 


NoohIk) 

4141 

0 


Kanota 

839 

o 


Navarro 

966 

2 


Markton . 

2053 

2 


Bond 

2733 

o 


Columbia 

2820 

12 


Fulton 

3327 

26 


Clinton 

3971 

26 


Ventura 

3989 

53 


Osage 

3991 

66 


lioone 

3305 

91 


Tama 

3502 

94 


Vielaiid 

3611 

94 


(k'dar 

3314 

96 


Fultex 

3531 

98 


^ Bccd witli hulls off were inoculated l\v dusting ehlaniyd()S])OTea on the seed. 
»» Average of two replications, 4 foot rows. 


row. Seed, with hulls off. of tlie same varieties were inoculated with dry 
chlamydospores of races C and 1) and then planted in the field in 2 replica¬ 
tions at the rate of 2 g. to a o-foot row. 

The reactions of 8 smut-tester varieties. 18 named varieties, and 15 prom¬ 
ising selections grown in tlie t\)operative Uniform Oat Smut Nursery were 
tested to a composite of several races of loose and covered smut which occur 
in Kan.sas, and to races A. U. and D. The composite did not include races 
A, B, 0, and I) nor the “Pulton” race of loose smut reported by Hansing 
<’/ al. (4). Seed with hulls off were inoculated with dry chlamydospores 
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and then planted in the field in 2 replications at the rate of 1.5 g. to a 4-foot 
row. 

In the field the soil temperature averaged 55° F. between planting and 
emergence. The soil was moderately dry the first 3 days after planting 
and then moderately moist for the following 4 days prior to emergence. 
Good stands were obtained for the group of varieties and hybrid selections 
planted wdth hulls on, while a fair stand was obtained for the rows planted 
with hulls off. A fair stand was obtained for some and a poor stand for 
others of the varieties and hybrid selections growm in the (Cooperative 
I'niform Oat Smut Nursery. f 

In the greenhouse, percentages of infection were determined on the rela¬ 
tive number of infected plants. In general, all of the panicles of a plant 
were smutted or all healthy. In the field, per(*entages of infection w'ere 
determined on the relative number of infected panicles. Plants with some 
healthy panicles and some smutted })anicles were common in the field. 

EXPERIMENTAL RESULTS 

Greenhmise Studies 

Very high infecjtion was obtained with race D in the gretmliouse. Of 
the smut-tester varieties, Ked Rustproof and Fulghum were resistant, aver¬ 
aging 0 and 3 per cent smutted plants, respectively (Table 1). The other 
smut-tester varieties were all suscei)tible. averaging from 73 to 100 pei* cent 
smutted plants. Victoria averaged 97 per cent smutted ])lants. 

Brunker, New’ Nortex, Fulghum—Markton > Victoria—Ricliland. Neosho, 
Kanota, Navarro, Markton, and Bond were resistant, averaging from 0 to 
2 per cent smutted plants. (Columbia, Fulton, and (Hinton w'cre intermedi¬ 
ate in siiscei^tibility averaging from 12 to 26 per cent smutted plants. Ven¬ 
tura and Osage were susceptible, averaging 53 and 66 per cent smutted 
plants, respectively. Boone, Tama, Vicland, C’edar, and Fultex were very 
.susceptible, averaging 91 to 98 per cent smutted plants. 

Field Studies 

Classification of pliysiologir races. Fulghum, Joanette, and Monari'li 
were susceptible to race A, Gothland w^as intermediate in suscet)tibility, 
while all of the other 8 smut-tester varieties were resistant (Table 2). This 
race A represents a new race of loose smut distinct from any of Reed’s 29 
races (6). Reed did not have any race to wliich Fulghum and Moiiar<*h 
were susceptible w’hile Ganadian w’as resistant. 

Richland, (Canadian, Monarch Selection, Green Mountain, and Gothland 
were susceptible to race B, wdiile the othrr differential varieties wTre resis¬ 
tant This race B is similar to Reed’s A-1 (6). It is commonly i'ouiid 
wdiere the variety Columbia is wddely grown. 

Richland, Canadian, Monarch, Monarch Selection, Green Mountain, and 
Gothland were susceptible to race C. Joanette was intermediate in svisc(‘p- 
tibility, while the other smut-tester varieties were resistant. Tliis race C 
is somewhat similar to Reed’s A~17. 
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TABLE 2 .—Reactions of oat variclicn and sHcctiona to four races of Ustilago avenae 
in the field. Manhattan^ Kansas, 1045 


Pt^rceiita^je infection hy smuts* 


Variety or 
selection 

C.I. No. 

Race A 

Race B 

Race C 

Race I) 


Hulls 

Hulls 

Hulls 

Hulls 

Hulls 

Hulls 



on 

on 

on 

off 

on 

off 



S7nlit tester varieties 





Fulghiim. 

708 

66 

1 

1 

3 

1 

0 

Richland . 

787 

1 

42 

47 

68 

47 

51 

Canadian . 

. 1625 

Tb 

90 

88 

98 

92 

98 

.Toanette . 

1762 

50 

0 

17 

22 

78 

92 

Monarch . 

1870 

82 

0 

62 

77 

92 

98 

Black Mesdag . 

. 1877 

0 

0 

0 

0 

0 

0 

Monarch Selection . 

. 1879 

T 

86 

78 

84 

80 

84 

Green Mountain . 

. 1892 

0 

82 

78 

92 

75 

94 

Gothland 

1898 

12 

86 

68 

78 

11 

26 

Victoria 

2-101 

0 

0 

T 

0 

85 

88 

liUrgt* Ilull-leas . 

:i209 

0 

T 

0 

0 

0 

0 

Red Rustproof . 

:i212 

0 

0 

0 

0 

0 

0 



\amed varieties 





Mark ton . 

. ,. 2053 

T 

0 

0 

0 

0 

0 

Hrunker . 

. 2054 

0 

T 

0 

0 

0 

0 

New Xortex 

34 2‘* 

0 

0 

0 

0 

0 

0 

N<*oslio 

4141 

0 

0 

0 

0 

0 

0 

Navarro 

900 

0 

0 

0 

0 

T 

0 

Bond 

. 27.33 

i) 

0 

0 

0 

T 

0 

Kanota 

839 

69 

2 

o 

4 

T 

1 

Benton. 

. 3910 

2 

0 

f 

0 

0 

3 

1’lint on 

3971 

0 

0 

2 

14 

T 

5 

Marion 

. 3247 

0 

3 

1 

3 

T 

6 

1’rojan 

. 2491 

0 

6 

5 

16 

3 

6 

Fulton 

3327 

0 

3 

4 

4 

4 

5 

Otoe 

2886 

i) 

2 

42 

46 

o 

9 

Osage 

3991 

0 

0 

3 

6 

10 

8 

W’litura 

. 39r89 

0 

T 

1 

i-> 

8 

19 

(’(duinliia 

. 2820 

7 

42 

76 

84 

19 

24 

BooiU‘ 

3305 

0 

0 

0 

0 

69 

79 

Vicland 

. 3011 

0 

0 

0 

0 

72 

84 

Cedar 

. 3314 

0 

0 

0 

0 

74 

83 

'ram a 

. 3502 

0 

0 

T 

0 

73 

84 

Fultex . 

. 3531 

0 

0 

0 

0 

95 

95 



]I yhrids 





FulghuuLMarkton x 



0 

0 

0 



Vietoria Richland 

. 4140 

0 

T 

T 

do 

4251 

0 

0 

T 

0 

0 

0 

do 

4335 

0 

0 

0 

0 

72 

87 

do 

4528 

0 

0 

0 

0 

T 

0 

Fulton X Victoria- 



0 



4 

o 

Richland 

4338 

T 

2 

7 

8 

do 

do 

4339 

4340 

0 

0 

0 

0 

3 

1 

3 

o 

5 

6 

20 

17 

do 

. 4524 

0 

0 

T 

T 

4 

26 

do 

4525 

T 

T 

0 

0 

87 

89 

Oolinnbia x Victoria- 



o 

o 

5 

1 

10 

o 

1 

4 

21 

8 

0 



Richland 

do 

do 

do 

4153 

4246 

4344 

4345 

T 

0 

0 

0 

1 

0 

0 

X 

3 

0 

0 
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TABLE 2—{Continued) 


PcrccntaK<^‘ infection by smuts* 


Variety or 
selection 

C.l. No. 

Race A 

Race B 

Race C 

Race D 


Hulls 

on 

Hulls 

on 

Hulls 

on 

Hulls 

off 

Hulls 

on 

Hulls 

off 

do . 

. 4346 

0 

T 

0 

0 

61 

72 

do . 

. 4347 

0 

0 

0 

0 

52 

63 

do . 

. 4349 

0 

1 

1 

0 

51 

56 

do .. 

.. 4527 

0 

1 

12 

30 

1 

o 

Victoria-Bichland x 
Morota-Bond . 

. 4301 

0 

0 

f 

T 

0 

0 

0 

C.T. 4001 X C.I. 3644. 

. 4341 

0 

0 

0 

0 

0 

0 

C.r. 4001 X C.l. 3842. 

. 4526 

0 

0 

1 

4 

0 

0 


* Seed with hulls on were inoculated by partial evacuation. Seed with hulls off were 
inoculated by dusting the chlamydospores on the se<‘d. l*ercentages represent averages 
of 2 replications. Hulls on " 8-foot rows, hulls off = r)-toot rows. 

*> T " 0.1 to 0.5 per c«*nt infection. 

Good infectioii was obtained witli race 1) in tlie field for the highly 
susceptible varieties, although it was not so Idgh as in tlie gi'eenhouse. Th(‘ 
infection for the varieties such as Ventura and Osage was not nearly so 
high in the field as in the greenhonst*. (Minton and Fulton were inter¬ 
mediate in susceptibility in the greenhouse hut had such low percentage of 
infection in the field that it was not possible to differentiate the riMative 
susceptibility of similar varieties and hybrid selections from each other and 
from those which had high resistance. 

liichland, Canadian, doanette, Monan*h, Monarch Selection, Green 
Mountain, and Victoria were susceptible to race I). Gothland was inter¬ 
mediate in susceptibility, while the other smut-tester varieties were resis 
taut. The reactions of the smut-tester varieties demonstrate tliat race I) 
is a new race of loose smut. It differs from the Victoria^^ race which Keed 
and Stanton described as A-30 (7) in that Fidghum is resistant, while for 
their race h’ulghum was susceptible. 

In the Cooperative Uniform Oat Smut Nursery, similar infection was 
obtained for 8 smut-tester varieties to races A, G, and I) (Table 3). For tlie 
Kansas composite of otlun* racjes of loose and c*overed smut, Canadian, Mon¬ 
arch, and Fulghum were susceiitilile, wMtii 93, 79, and 67 per cent smutted 
panicles, respectively. Gothland had 28 per cent smutted panicles, W'hile 
the other smut-tester varieties had from U to 6 per cent smutted panicles. 

Reacho7is of named varieties and hybrids. Kanota was susceptilile to 
race A, wdth 69 per cent smutted panicles. All of the other varieties and 
advanced hybrid selections were resistant to tliis race, wnth from 0 to 7 per 
cent smutted panicles (Tables 2 and 3). Approximately 80 per cent of the 
oat strains had no smut. 

(jolumbia was susceptible to race B, having 42 per cent of the panicles 
infected. The other oat varieties and hybrid selections inoculated wdth race 
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TABLIij 3. UcarUon of varieties and selections in Cooperative Uniform Oat Smut 
Nursery to a composite smut inoculum of loose and covered smuts and to physiologic races 
of loose smut in the field. Manhattan, Kansas, 1945 


Species, group, and variety 


Percentage infection by smuts* 


CJ. No. 


Com- 

positeb 


Race A Race C Race D 


A vena saliva 

Karlv black oats 


Smut-1ester varieties 


Al onarch . 

1876 

79 

91 

68 

88 

Black Mesdag . . 

1877 

6 

0 

0 

0 

Midseason white oats 

(Canadian . 

1625 

93 

1 

94 

96 

(iothland . 

1898 

28 

11 

58 

16 

i vena hyzantina 

Karlv red oats 

Fulghum .. 

708 

67 

61 

3 

2 

Columbia . . . 

2820 

9 

9 

72 

21 

Alidseason red oats 

Red Rustproof (Appier) . 

1815 

0 

0 

0 

0 

Victoria . . 

Eesistant 

2401 

varieties 

0 

0 

0 

90 

trenn saliva 

Farlv white oats 

Forvic 

4164 

0 

0 

0 

26 

Victoria Richland • Morota Bond 

4301 

0 

0 

0 

2 

Karlv vellow oats 

(’edar 

3314 

0 

0 

0 

82 

Clinton . 

3971 

0 

0 

4 

2 

Benton . 

3910 

0 

0 

0 

0 

1)09 X Bond . 

4259 

0 

0 

o 

i 

Al in do 

4328 

0 

0 

0 

0 

Alidsejison white oats 

Alission . . 

2588 

0 

0 

9 

3 

Alarktoii X Victory . 

2591 

0 

0 

0 

0 

Alarktou X Ligowa 

3025 

0 

0 

0 

0 

Markton X Ligowa 

3633 

0 

0 

0 

0 

Honda 

4329 

0 

0 

0 

0 

Vietoria Richland x Bannock 

Victory x (Victtvria-Richland x 

4181 

0 

0 

0 

0 

Alarktou-Victory) 

4523 

0 

0 

0 

0 

Alidseason vellow oats 

Alarktou 

2053 

n 

0 

0 

0 


Bond > i?aiiibo\v 

Bond X l)G7 . 

(ioldwin . 

Stanton Strain 2 
Florilet* 

Iit‘e V’'ictoria \ Fulwiii 
Fill win X Lee Victoria 
Traveler 

J vena by:"antina 
Karly red oats 

Ventura . 

Osage . -... . 

Neosho .... 

(V>luinbia x Columbia Navarro 
Foluiubia x Victoria-Richland 
(Vdiimbia x Victoria-Richland 
Fulgrain Strain 7 
Victorgrain Strain 5 
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TABLE 3— ( Con tin u cd) 


Sj>c‘cit‘s, jfroiip, and variety 


C.I. No. 


Pereeiitafjc infection by smuta^ 

Kat e A Race C Race I) 

pCKSltcV' 


Midseaaon red oats 

Bond . 2733 n 0 2 0 

Red Rustproof** x Victoria-Richland. 4385 0 0 0 0 


a The hulls were removed before the seed were inoeiilated. 

Composite of several races of Uxtilaffo ai'cnac and U. kolU ri which occur in Kansas. 
r. avenac races A, B, C, I), and “Fulton” were not |icliided in this composite. 

B avera^red from 0 to 6 i)er cent smutted i)anicles (Table 2). Approximately 
60 t>t‘r cent were free from smut. 

Columbia wtis susceptible to race C, averaf»in^^ 80 per cent infected pan¬ 
icles, Otoe, generally considered as a moderately resistant variety, aver¬ 
aged 44 per cent smutted panicles when inoculated with ra(‘e C. Trojan. 
Mission, and Clinton averaged 10, 9, and 7 per cent sniutted panicles, resitec' 
tively, w’ith this race. Four of the 10 hybrids which had Columbia as one 
parent were interni(‘diate in susceptibility, averaging from 15 to 21 per cent 
smut (Tables 2 and 3). Apparently a recombination of genetic factors 
occurred in tliese cross(*s to give this intermediate type of susceptibility. 
The other varieties and hybrid selections averaged from 0 to 8 per cent 
smutted panicles. A})proximately 50 per cent of the varieties and hybrids 
^\eve free from smut. 

Of the commercial varieties grown in the United States, Fulghum and 
Kanota were susceptible to race A, Richland and (V>lumbia to race B, and 
Richland, Columbia, and Otoe to race C. However, many of the new varie¬ 
ties and promising hybrid selections were susceptible to race D. Fultex 
(Fig. 1, A), distributed in Texas in 1940 as a smut-resistant variety (11). 
averaged 95 per cent smutted pani(des. Boone, Cedar, Tama (Fig. 1, B), 
and Vicland, distributed as smut-resistant varieties in one or more north 
central stales from 1940 to 1943 (5, 9, 11, and 12), were all susceptible, 
averaging from 74 to 78 per cent smutted panicles. In contrast Fultex, 
Boone, Cedar, Tama, and Vicland have averag(‘d froin 0.0 to 0.3 per cent 
smutted panicles in the Cooiierative Uniform Oat Smut Nurseries (13 and 
14). Florilee, a selection from a Lee x Victoria cross and distributed in 
Florida in 1944 (14), had 86 per cent smutted panicles, while Traveler, 
distributed in Arkansas in 1944 (14), had 96 per cent smutted panicles. 
Stanton Strain 2, Fulgrain Strain 7, and Victorgrain Strain 5 had 81, 38, 
and 70 per cent smutted panicles, respectively. Ventura, distributed in 
California in 1943 (1), and Osage, distributed in Kansas in 1945 (1 and 4), 
were susceptible in the greenhouse but moderately resistant in the field, 
averaging 12 and 9 per cent smutted panicles, respectively. Columbia and 
Forvic were intermediate in susceptibility to this race. 

Culms of Ventura and Osage with smutted panicles were approximately 










Fig. 1. Ki‘acti()ii of oat varioties to VtiWaf/o art nue race D. A. Fultex, 95 per cent 
Biniitted panicles. 11. Tama, 75 per cent smutted panicles. 0. Neosho, 0 per cent 
smutted panicles. 


40 per eeiil of the heipht of culms with healthy panicles. In contrast, culms 
of Boone, Cedar, Tama (Fifr. 1, B), and Vicland with smutted panicles were 
approxijnately 90 per cent of the height of culms with healthy panicles. 
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Neosho (Fi^. 1, C), (listributed in Kansas in 1945 (1 and 4), was hijxhly 
resistant. This variety has been hijrhly resistant in other tests in Kansas 
and in the Cooperative l^nifonn Smnt Nursery where it had an averapje of 
less than 0.1 per cent smut for 29 station years diirinp: 1943 and 1944 (14). 
It has yielded well in Kansas and in other states (1) and it is resistant to 
the common races of crown and stem rusts, but lacks resistance to stem rust 
races 8 and 10. Neosho is one of tlie few new commercial varieties with 
resistance to crown and stem rusts and as high or higher resistance to most 
races of smut as the old standard smut resistant varieties, Navarro, Markton. 
and Victoria. 

Some of the hybrid selections were highly resistant while others were sus¬ 
ceptible (Tables 2 and 3). Three selections from the cross Fulghum-Mark- 
ton X Victoria-Richland were highly resistant while one w^as susceptible. 
The resistant characteristic probably came fi*om the Fulglium-Markton 
parent, since both of these varieties were resistant to race 1). whih* llie 
Victoria-Richland parent was susceptible. 

In the cross Fulton x Victoria-Kichland, 4 selections were mode!*at(*ly 
resistant to intermediate in sus(*eptibility to race 1), fiaving a reaction similar 
to Fulton, while one selection, C.T. 4525, was sus(‘c|>til)le, averaging 88 ])er 
cent smutted panicles. C.I. 4525 or Kans. Sel. 41369 was highly resistant 
to the Fulton race of loose smut described by Ilansing ct al. (4). This 
would indicate that the reactions to race 1) and to the Fulton loose smut 
are probably determined by diflPerent genetic factors. 

In the cross Columbia x Victoria-Richland. 5 selections were found t(^ 
have more resistance to race I) than (Vdumbia (Table 2). This resistance 
probably was due to rei'omhination of gcmetic factors. Three selections 
were susceptible, similar to the Victoria v Richland parent. When inocu¬ 
lated with race D approximately 30 V)er cent of the vari(di(‘s and hybrid 
selections had no smutted panicles (Tables 2 and 3). 

Out of 71 additional hybrid selections grown in the advanced yi(‘ld nur¬ 
sery at Manhattan, 39 did not have any infection wlum inoculated with race 
D, 12 were resistant (trace to 10 ]>er cent), 13 were intermediate in sus(*epti- 
bility (11-40 per cent), and 7 were susceptible (41-100 per eent). 


DISC T^SSIOK 

The presence of a pliysiologic race of loose smut in the Southwest that 
attacks Richland and A ictoria is of ])aramount importance heeausc* many 
of the new^ varieties of oats involving these strains as parents are widely 
distributed in the ITnited States. As tliis race w^as ivitrodiu'ed into Kansas 
on certified seed of Fullex oats from Texas, it may be assumed that it is 
already widely enough distributed that it can not be successfully (‘limiiiated 
by a seed treatment program. It may be only a matter of tim<* until many 
of the new smut-resistant varieties now^ grown in the United States will be 
infected with this race so that the growers wuMI have to treat their seed to 
control smut. 
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The occurrence of new physiologic races of oat smut is an important 
problem that confronts investifrators who are breeding^ disease-resistant 
varieties of oats. In 1919 Kanota, a Fulj^huiii type oat, was distributed in 
Kansas (1, 4, and 8) as a smut-resistant variety. It soon became a popular 
variety and its acreaj^e increased rapidly. However, physiologic races of 
loose smut existed in the soiitliern oat-growing area of the United States to 
w^hich Kanota was susceptible. Hy 1928 these races of smut had spread in 
Kansas to such an extent that Kanota could no longer be considered as a 
resistant variety in the State (4). 

In 1939, Fulton, a selection from a cross, Fulghum x Mark ton, was dis¬ 
tributed in Kansas (4 and 11) as a smut-resistant variety. Fulton was re¬ 
sistant to tlie prevalent races of smut in the United States, averaging 1.29 
per cent infected j)anicles for 43 station-year tests in the Cooperative Uni¬ 
form Oat Smut Nursery (13). However, with artificial inoculation it was 
intermediate in sus(‘eptil)ility to a new jdiysioJogie race of loose smut (4) 
that had existed as a slight mixture in a few of the Kansas collections of 
oat smut. TJiis new ra<M‘ of smut was distributed with Fidton seed to 
growers of certified se<‘d and b\' 1945 was distributed fairly well in Kansas. 
Fortiinat(‘ly Fulton oats was moderately resistant to this race of loose 
smut in the field. Since 1939, most of the fields of tliis variety have had 
noin‘ or only a trace of smut. However, as high as 10 per cent smut has 
been r<*eorded in a fVnv fields. 

No smut was obseiwed in tlie increase plots of tlsage and Neosho in 
1944. TIow(‘V(‘r. the st^ed was treated with New Improved Ceresan before 
it was (listributed to growers of certified seed in 1945. It is desirable that 
growers of certified seed of tliese varieties continue to treat their seed. 

Oat smuts are seed-borne diseases and are ilistributed principally on 
the seed. Oi-owers of eerlifii‘d seed ami oilier ])j‘odueers are })artly respon- 
sibh‘ for the spread <»f new races of smut. It may be }>ossd)le to slow down 
or even stop the disti’ibution of a new race of smut if the seed of ncAv 
varieties is treated |)roj>er]y to control smut. Anotlier way of spreading 
m‘W races of smut is through tlie interchange of new hybrid material 
among plant investigators in ilitbu'cnt slates. 

New varieties of oats that art* resistant to known races of smut art* 
br(*(l by jilant brtvdm-s and iilant ))atbologists. Katies of smut, however, 
exist or develo}> by hybridization or mutation some place in the eoniitry. 
Tlu*.se gradually spread until the new variety, after a deeade or two, can 
no longer be (*onsitiert*d a resistant variety. 

In the meantime the plant breeder and plant pathologist may have a 
new variety rt^ady for distriVmtion, whitdi is resistant to the old races of 
smut as wtdl as to tin* new ones. In this Avay tlie research work on breed¬ 
ing disease-resistant varieties has generally managed to keep ahieast of 
natural production of new races of smut. Uu the other hand, if seed deal¬ 
ers would treat all of tlieir seed prior to selling, the problem of smut- 
resistant varieties bei^omiug susceptible to new races of smut in the field 
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would be attacked from two angles. Progress in the develoi)ment of new 
smut-resistant varieties ol* oats would probably keep farther ahead of the 
natural development and distribution of new^ races of smut than when 
attacked chiefly by the plant research workers alone. 

SUMMAKY 

The four physiologic races reported in this investigation were collected 
in Kansas. Two of the races (A and D) were distinct from those reported 
by other investigators. Pace A is characterized by the susceptibility of 
the varieties Pulghum and Monarch and the^iyesistance of Canadian. Race 
D is characterized by the susceptibility of Richland and Victoria and tlie 
resistance of Fulghum. 

Of the commercial varieties, Kanota and Fulghum were susceptible to 
race A. Richland and Columbia were susce[)tible to race B. Richland, 
Columbia, and Otoe were susceptible to race C. 

Richland, Boone, Cedar, Tania, Fultex, Vicland, Florilee, and Travelei- 
were susceptible to ra(*e 1). Columbia and Forvic were intermediate in sus¬ 
ceptibility. Ventura and Osage were suscefitible in the greenhouse but 
intermediate to moderately resistant in the field. Benton, Clinton, Ful¬ 
ton, Mission, and Goldwin had some resistance to this new race of loose 
smut. 

Black Mesdag, Ijarge Hull-less, lied Rustproof, Navarro, Markton. 
Brunker, Bond, New Nortex, Neosho, Boiula, Mindo, and s(‘veral promis¬ 
ing hybrid selections were highly resistant to all 4 faces. 

Neosho appears promising as a parent for oat crosses. It is ]iighl\' 
resistant to smut, resistant to the common rai'cs of crown and stem rusts 
and has desirable agronomic characters. Neosho was ilistributed in Kansas 
in 1945. 

Kansas AaRicuLTruAL Experiment Station, 

Manhattan, Kansas 

AND 

Bureau of Plant Indi stky Statjon. 

Beltsville, Maryland. 
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SEED AND SEEDLING INFECTION OP BARLEY, BROMEQRASS, 
AND WHEAT BY XANTHOMONAS TRANSLUCENS 
VAR. CEREALIS^ 

J . E . Wallins 
(A ccepted for publication February 12, 1046) 

Little is known coneerninji' tlio seed and seedliniu’ infection of barley, 
broniejrrass, and wheat by Xanlhomonas tratisluci ns var. ccrealis. Natural 
seed infection of barhw and wheat has been|¥epoi*te(l, but no infection of 
broinegrass seed by this bacterium has been observed ex(‘e})t foi* some lesions 
on the flumes enveloping? the seeds (9). Tlie seed-borne nature of Xantho- 
monas transli(C( ns on barlew was described first by Jones, fJohnson, and 
Reddy in 1916 (5). Seedlin^^ infection of barley from naturally infected 
seed was later described by Smith, Jones, and Reddy in 1917 (6), and the 
same process was postulated for wheat in 1919 (8). elones, Johnson, and 
Reddy in 1917 (6) described barley seedlin«>’ infection from barley set'd natu¬ 
rally infected with X. franslu("( ns. In 1936, Bamberg (1) was unable to 
find a sin<i’le infected wheat seedlinj? in the fiehl oi’ in tht* greenhouse from 
seed naturally infected with X. fransJncens. In tlie sanu* year, Hajrborj,*' (4) 
obtained 81 per cent infected seedlings from wound(‘d wheat seeds which 
were infested with X. franshicens and planted in the soil. 

In 1941 Galachian (2) infectted wheat seedlinjrs witli barley and wheat 
isolates of Bactfrluni afrofaci( ns by woundiujr the younji* plumules with a 
needle carrying? the bacderia. In tlie same year Gorlenko ( 3) obtained 42 pm* 
cent diseased wheat seedlings by infestinir wheat seeds with Xanthomonas 
translucens var. cercaUs followinjr an initial needle woundinj? of the seeds 
close to the embryo. Although Gorlenko and Hajrborj? showed that avou tided 
infested seeds resulted in a hi<?h percenta’i’c of diseased seedlings they, and 
the earlier workers, did not define the course which the j)atho<?en followed 
in moving? from the seed surface to the a(‘rial jiortions of the plant. 

The purpose of this study was two-fold; first, to study the influences of 
races of Xanthonionas iranslucens var. cfrcalis on IIk^ growth of seeds and 
seedlin«i:s of barley, brome<>:rass, and wlieat; and second, to trace the move¬ 
ment of this orj»anism into the embryo ami follow tin* s|>read of the pathojicn 
from the seed up into the iirimary leaf. 

MATERIALS AND METHODS 

The barley and wheat varieties used were obtained from the Ajrronomy 
Farm at Iowa State College, while the strains of bromef^rass were obtained 

1 from a thesis presented to the Graduate Faculty of tlie Iowa State Oolle^je 
in partial fulfillment of the requirements for tlie Di^^iree of Doctor of Philosophy. I^roj- 
ect No. 884. Iowa Agrieultuial Experiment Station Journal Paper J-l.'HT. 

2 The author wishes to extend his appreciation to Dr. I. E. Melhus for his direcdioii 
and valuable criticism during the course of the iiivestijiatioii and in tlie final |»rei)aration 
of the manuscript. The author also wishes to thank Dr. George Hemeiiiuk for his helpful 
suggestions in prejiaratien of the manuscrijit. 
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from the Soil CoiiservMtioii Serviee at Aines.^ As far as possible disease-free 
seeds >\ere used. Prior to iiifestatioii all seeds were immersed for ten min¬ 
utes in a. 15 per eeut sohition ot (‘.ommereial eJorox,^ and rinsed several times 
in distilled water. 

The seeds wen^ ^^(>unde<l by rupturinji: the t(\sta eoverinj^^ the embryo witli 
a disseetin^' needle, under a bimx'ular. Pour raees of Xanthomonas frans- 
lucrns var. cerraiis. whose history and performanee were already known (9), 
were* used be(‘anse tliey were isolated from the same hosts emj)loyed in the 
present trials. All ba(‘terial raees were maintained on nutrient a^^ar. 

For seed iniestalion loni* 24-honr beef-pej>tone ajiar eultures of each race 
were used. Tin* enitnre tubes were lialf filled with water and the bacteria 
were sera|)(‘d into the water with a niehrome wire loop. The suspensions 
i rom 4 tubes of any one i‘a(*e w(‘re emptied into a sin^h* flask containing the 
seeds to be inf(*sted. The soaking seeds were then subjected to a partial 
vacuum by a water vacuum j>um|) for 5 minutes and allowed to soak in the 
suspension ioi* one hour oi* more depending up(m the experiment. Usually 
the s(*eds were ])]anted on sterilized moist filter |)apers in 9-cm. Petri dishes. 
In a few* tests infested seeds w(‘re also planted in steamed compost soil in the 
gi'i^enhouse. The seedlings were usually examined for germination and dis- 
t'HSb; seven days afttu* |)]ating in the laboratory. 

THE INELrENC'E OF XA.VTMOMONAS TKANSLUCEXS VAR. CERE. LIS 
ON THE (iERMl.XATION AND SEEDLINO INFJCCTION OF 
NOXHT’LLED AXD lirLLEl) H.4HLEV SEED 

While Hagborg (4) aiul Gorlenko studied the pathogenicity “of 
Xanthomonas iransluct ns on wheat by infesting wounded seeds in bacterial 
suspension, Kings(4ver (7) found that hulled oat seed without intentional 
wounding gave a higher percentage oF iiiFei^tion than nonhulled oats when 
soaked in suspeiiHions of Ps( ndfononas coronafaru ns. This finding aroused 
spec'idation as to what might ha])]»eji with barley ajul l)romegrass wdiich are 
well fortified w’ith Inills. 

At the outset, the pathogenicity of ra(*es 1, 4, 5, and 6 of Xaiithomonas 
iranstneens var. c^nalls was tested on nonhulled barley in three experiments. 
No dilferenee in germination and see<lling infection was noted between the 
infested and the non infested seeds. In furtlier t(‘sts different lots of hulled 
and nonhulled Spartan barley wen* infested Avith race 6 by soaking in a 
bacterial sus|)ension for one, two, three, and twenty-four hours. No differ- 
eru'cs in g(*rminatiou were noted in the hulled or nonhidled seeds, either 
inf(‘sted or noninfested. The |)ercentages of diseased seedlings in the in¬ 
fested nonhulled series were 12, 17, 17, and 50 for 1, 2, 0, and 24 hours’ soak 
l)eriods, res|)ectivel>', wdiile in the hulled series for the same periods the per¬ 
centages Avere 54, 57, 57, and 67. The removal of the barley hulls had the 

Th(‘ .'uithor wishes to oxIothI his grntitiulo to Dr. II. C, Murphv for supplying the 
S(H*d8 of tin* snijill gruius. Also, it is a pleasure to iiekinwvledge the Mssistanee ot Mr. 
M. L. Meath of the Soil C.’otiservntion Service at Ames in supplying the hronu'grass seed.s. 

4 Commercial clorox is a 1.5 per cent solnti<m of sodium hypochlorite. 
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same effect on seedliiij? iiit*e(ftioii as iiicreasinjii: the period of soak. In two 
additional experiments hulled and nonhulled Glabron barley were used. In 
the first of these the seeds were soaked for 1, 5, 10, 15, 20, and 25 hours, while 
in the second the seeds were soaked for 1, 5, 10, 24, and 58 hours. A<>*ain no 
influence on jrermination was noted for any of the treatments. In the in¬ 
fested series the percentajjre of infected seedliiifiTs was higher with the hulled 
seeds than with the nordiiilled as in the earlier trials. With hulled seeds the 
number of infected seedliiij^s was the same through the raiifre of soakinp* 
I)eriods. On the other hand, with the nonhulled seeds the number of diseased 
seedlin{j:s was <i:reater with the lonj^er soakinj*^ In these trials the seedlinjrs 
were infected without deliberate woundin^^ of the seed. Of (‘ourse, some 
wouudinir may have occurred in the pro(*ess of removinj*: the Inills. 

THE inflxtence of temperatfke on emergence and seedijINo infection 

FROM SEED SOAKED IN DIFFERENT STRAINS OF XANTIIOMONAS 
TRANSLUCENS VAR. CEREALIS 

The influence of temperature on the pathojxenicity of the organism on 
hulled and nonhulled seed was desirable to know. Also, witli hulled seed it 
was essential to determine the influence of the tem})erature durinj^ jrermi- 
natiou on the seeds and seedlinjrs. In a preliminary experiment with hnlled 
barley infested with i*a(ies 1 and 6 of Xanfhomonas translucens var. verrahs 
and held at In'" and 25” C., no difference in •xermiiiation was found and 
the percentajres of infeided seedlinjrs were the same at both temperatures. 

To determine whether or not the temperature during seed infestation 
influenced emerjrence and the seedlin^r infection, nonhulled seeds of (Habron 
and Velvet barley were infested by soaking in suspensions of race 6 of 
Xanthomonm tran.slucens var. cereali^i for 24 hours at 10”, 15”, 20”, 25”, 
30”, and 35” (1 Corres})ondin^ lots of seed were soaked simnltaneously at 
the different temperatures in distilled water. The seeds were then planted 
in potted steamed soil and were placed in a dark incubator at 25” C. When 
theyoun*r seedlin^rs were 5 cm, hi**:!! the emerjrence was recorded and the pots 
containinfi: the seedlings were transferred to the jirreenlioiise. Two days later 
the diseased seedling’s were counted. (See table 1.) 

The emerj^ence of the two varieties was erratic in both infested ami non- 
infested seed lots. At 30” and 35” C, a definite reduction of emerjrence was 
obtained in the infested and noninfested series. Seedlinji: infection from the 
infested seeds occurred at all six temperatures. The total number of in¬ 
fected plants for all temperature exposures was 34 with Velvet and only 24 
with Glabron barley, which is only 3 and 2 per cent, respi’ctively, of the total 
number infested. Apparently durin^^ the i>eriod of soakinj? the temperature 
had no influence on the penetration of the baideria beneath the hulls since 
the percenta^^es of infected seedlinjrs for both varieties were low at all 
temperatures. 

The influence of temperature on emer^nmee and seedlin^r infection durinjr 
the germination of seeds infested with races 1 and 6 of Xanthomonas irans- 
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J AHLL 1. -1 he t mrrgf hcr anul sctdliufi Infeciiitn of two harley varuties soakf d in 
wairt i<u.spf‘nnion (tf rart fi of XanlUotnonas irannlucens ror. cerealis for houra 

at ni.r different temperatures 


Velvet Glabron 


Temperature, 

degrees 

C. 

Water 

Race () 

Water 

Race 0 

Eiiier. 
Ret.a 

Tiif. 

IVt.a 

Emer. 

Pet. 

Inf. 

l»ct. 

Elmer. 

Pet. 

Inf. 

J»ct. 

Elmer. 

Pet. 

Inf. 

Pet. 

10 

15 

JO 

25 

;io 

.15 

00 

81 

00 

73 

74 

13 

0 

0 

0 

0 

0 

02 

71 

72 

88 

(5(5 

4> 

(> 

5 

3 

0 

01 

8(5 

00 

8(5 

3(5 

15 

0 

0 

0 

0 

0 

0 

91 

80 

84 

91 

74 

63 

o 

‘> 

3 

1 

5 

1 


Each ]UTcciita^^(‘ represents th<‘ <-nierj^eiice from four rejjliciitioiiH of 50 seeds in 
(*ach. Inlecticm per<M‘nla|s»:e was based on the mimlier of s<*edlings that emerged. 

I if reus var. cf real is ayrs stu(lie<l. Tlie seeds were infested by soaking them 
six hours at room temjterature in suspensions of two races of the bacterium. 
Tile seeds were then planted, as before, in polled steamed soil and placed 
in the iin*ubators until the se<*dlings w(‘re 5 to 7 (un. high, Avhen the pots were 
transferred to the greenhouse. At this time emei’gmice Avas recorded and 
seven days later seedling infe<‘tion was recorded (Table 2). The emergence 
of the controls was at a liigh level, between 78 and 91 ]>er cent, at temT)era- 
tur(»s of 10 2o i\ and f(‘ll off slightly at 30-85'^" 0. Tlie emergence of the 
st‘eds infested witli i*ace b was lower than the conti’ibs at corres}>onding tem- 
p<*ratures, (*\eept at 35 ’ where there were no differences. The emergejiee 
pt*rcentage obtained using this race was the same at all temperatures except 
30'' G. where a reduetion o<*curred. With race 1 the emergence decreased in 
a regular manner with increasing tern literatures, from a higli of 78 jier cent 
at 10 i\ to a minimum of about 12 i)er cent at 30'' to 35'' C. Therefore, 
tiuvre was less retluetion of emergence in com]>arison tt) the controls at the 
lower than at tlie higdier tt’ni}>eratures, 

Seetlling infection Avas obtained Avith both races of Xfinihomonas trans- 
I anus var. c(r<alis. The peiventage of infected seedlings obtained with 

’rAIVI.K L\ —Enorpenet and St* fllina infection at sij: temperatures of hulled Glabron 
barley seeds infested with twt> ract s of XanUonnonas transluceus var. ct rralis 


Temperutnre, 

degrees 

C. 


m 

15 
‘JO 
‘J5 

:k) 


Water 

Emer. luf. 
l’ct.« I *<*!.« 

80 0 

78 0 

01 0 

78 0 

(57 0 

(51 0 


Race 1 


Ehncr. 

Inf. 

Pet. 

I»ct 

78 

(5 

(55 

12 

50 

*)*» 

31 

1(5 

12 

33 

1.3 

71 


Race (5 


Emer. 

Tnf. 

Pet. 

Pet. 

(50 

13 

(50 

10 

(53 

1(5 

58 

14 

47 

15 

03 • 

14 


•Kach enicrm-iu’t' ici>if8.'iits tlu' omcrKeiiri' froni 4 repliciitions "ith 25 

si'ortx ill cn.-li. The iiifwtion iicm iitiiKi' is I'!i8<‘<l on tli.' mimlicr ot Nt‘P<lliiiK« la eining 







450 


1 ^11YTOPATHOLOG Y 


[ VOL. 36 


race 6 was approximately 14 at all temperatures and no si^^iiificant differ¬ 
ences due to teni])eratu7*e were noted. With ra(‘,e 1 tlie percentage of infected 
seedlings was generally greater as the temperature at which the seedlings 
were grown was higher. Thus the percentage of infected seedlings ranged 
from a low of six at 10C. to a high of 77 at »35° C. 

THE DELATION OP SEED INJUKY TO GERMINATION AND 
SEEDIJNG INFECTION 

The trials on nonliulled and hulled barley suggested that if the bacteria 
were allowed closer contact witli the embryo t^ey would penetrate the gi*ow- 
ing seedlings. Whether or not the pathogen entercil the developing embryo 
was not known because* the germinating seeds had not been killed. Hagborg 
(4) and Gorlenko (3) obtained high percentages of infected wheat seedlings 
by wounding and inoculating the seeds. Th(‘se woi-kers reported that wound¬ 
ing the scckLs reduced the germination. In ord(‘r to delermine the intluem'e 
of the bacteria on wounded seeds, trials were made with wounded barhw, 
bromegrass, and wlieat inft^sted with different races of A'anfhonionns trans- 
hicens var. cvrealis. 

Barley Beed Wounded and Infested iritli XantlHoneinas translucens 

ear. cereal is race 6 

In the first trial two samples of Peatland barley of 20 seeds each were 
hulled and wounded; two other samj>les were hulled only. Similar lots of 
Spartan barley were also ])r(‘pared. Using the two varieties, one sample of 
the wounded seed and one sam[>h* of tin* hull(‘d s(‘ed wei*e soaked in suspen¬ 
sions o{ Xanthornonas transi uee ns var. cereal Is ra<'e 6, while tlie oth(*r sam¬ 
ples were soaked in water. The se(‘ds wei’e planted on moist filter j>aj>er in 
sterile Petri dishes. Germination was counted three flays after j)lanting, 
when the diseased plumules ceased to elongate. The short plumules were 

TABLE — G( rmhuiiiai} and sredlinff inf^aiion of I nut larirlits of hiilhd harh 
artificially wovndf d and noniroundcd soaJrrd hours in nuilt r and a sns/o nslroi of ran 6 
of Xanthornonas transluccns var. rt reads (^0 srrds pt r plat* , 


\Vllt<‘!' lOltM' C> 


Bfjrley 
variety 
and trial 

Hnlled 

Hulled, 

wounded 

Hulled 

Hulled, 

wotmded 

nunib('r 

Germ. 

Tnf. 

Germ. 

Inf. 

Germ. 

Inf. 

Germ. 

Inf. 

Peatland 

Pot 

Pot.a 

J*et. 

Vvt 

Pot. 

Pot. 

Pot. 

IVt. 

1 

90 

0 

90 

0 

55 

54 

15 

100 

2 

95 

0 

90 

0 

90 

17 

85 

77 

3 

95 

0 

80 

0 

90 

11 

05 

77 

Bpartan 

1 

70 

0 

00 

0 

80 

37 

20 

100 

2 

100 

0 

85 

0 

100 

20 

90 

61 

3 

80 

0 

85 

0 

80 

19 

80 

09 


^ Pencentage iiifoction is based ou the inimbcr of seedlings tlint develo]>ed. 
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froquoTitl}^ browiK^l and appresBcd to the kernel. Final counts of diseased 
seedliiifrs were rec'orded after seven days when the first foliage leaf had 
elongated sutfieiently to have evidence of infeetion (See table 3). 

In the control ser*ies tlie wounded and nonwounded hulled seeds of both 
varieties germinated well and the seedlings were healthy and vigorous. No 
significant reduction in germinal ion attended the wounding of hulled seeds. 
In the series inlested with batderia the emergence of tlie nonwounded, hulled 
seeds was moderately rt‘du(‘ed only in the first trial with Peatland barley, 
but not in tlie second or third trials. There was no reduction in germination 
with Spartan barley. With wounded hulled seed of both varieties there 
were marked reductions in emergence only in the first trial but generally 
noiH^ in the otlier two (‘Xiicpt foi* moderate reduction with Peatland barley 
in the third trial. 

The jiercentage ol diseased seedlings in all the trials of both varieties was 
much great(U* with th(‘ wounded, hulled seeds than with the nonwounded, 
huli(‘d seeds. Tin* occuj*r(*nce of see‘dling infection in the nonwounded, 
hulled seed which was inlested would suggest that wounding occurred during 
the hulling. An examination of Inilled seeds through the binocular revealed 
that either the testa (»i* tin* embi-yo wei*e injured in many of the seeds. 

Symptoms were ol)serv(*d on the young seedlings. The plumules that 
were not (»v<*r 1.5 to 2 cm. long liecame yellow and water-soaked. On the 
(‘oleo|)tile then* were liglit brown lesions. Except for these inconsiiiciious 
lesions on the coh*optile soim* plumules a])peared healthy. Later the lesions 
api)<‘ared on the first t'oliage leaf as it ermu'ged from tlie coleoptile. 

Itrunuf/niss Sn d Woundid and In f< sled u'ilJi Xanihomonas trans- 
li(<'( ns rar. cereal is race 6 

Pri*liminary experiments <lemoustrated that hulled broraegrass seed was 
more susce])tibl<* to XanfJnnnanas franslucf ns var. cereahs tlian nonhulled 
s<‘ed. Tln*refore. thn‘e experiments were dcsign(*fi To determine if wounding 
increased tlie susciqitibility of the germinating s(‘eds to the bacteria. In 
anothei* trial bromegrass seeils were hulled, divided into lots of oO seeds, and 
wound<‘d as liefore. T1 h‘ lots were then divided into ttvo, 25 seeds each. One 
lot was .soaked in water and tin* other was soaked in a sus])ension of the 
bromegi'ass iiathogcn. Twenty-five nonhulled and hulled seeds were in¬ 
cluded as 1 ‘hecks against tlie liulled, wounded seeds. The germination and 
seedling infeidion wen* recoi*ded five days following infestation. (Bee fig. 2.) 
The germination was the same in the nonhulled and hulled seeds in the con¬ 
trols. Tin* germination of the hulled, wounded seed was reduced approxi¬ 
mately 40 per cent, which iiidicatiHl that tlie young embryos of the non- 
inf ested seeds may liave been injured. Infestation reduced germination of 
noiuvonnded, hulled bromegrass seed and reduced it even more w ith wounded, 
hull(*d bromegrass seed. Tlie lower germination in tlie nonhulled and hulled 
infested bromegi'ass seeils in ('omparison with the contiols suggtsted that 
the baideria had some influence on germination. 
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The infected seedliiiji’s were readily distiiij^uislied by the water-soaked 
lesions on the leaves. The percentaf>:es of infected seedlings based on the 
einerfreiice were 4, 13, and 60 for the nonhiilled, hulled, and hulled and 
wounded lots, respectively". There was no infection in the controls. Wouinl- 
in^^ the seed by splittinj*: the testa favored the patho»:en in its development 
in the seedling?. Since the seedlinjifs from iionhulled seed were infected, ))re- 
sumably the pathofren penetrated the hulls of the seed and contacted the 
embryo or tlie bacteria from the hulls contaminated the emerj>in<r coleoptiles. 

Wit ('(if i^f(’(1s Wounded and Infested with Races 1, /, 5, and G of 
Xanthonionas transJucens hir. cereal is 

Wheat, Avhich in preliminary trials ha<l been unseat lied by any of the test 
cultures, was wounded and soaked in suspensions <»f four races of Xanfho- 
monas frnnslncens var. cerealis. Non wounded seeds were similarly treated. 
After s()akin«.» for 20 hours, the seeds w(‘re drained and planted in sterile 
Petri dishes or steamed soil. Control lots wei e scaiked in water. Five trials 
were made at 2-day intei'vals. three in P(*tri dishes and two in steamed soil. 
Ilecoi*ds were taken after seven days. 

Germination was reduced in the wounded inl'eslrd siudes. Races 1 and (i 
caused the jiTeatest reduction in }»ermination. The embry(>s of sonn* s(»eds 
were covered by a yellow bai'terial mass. None of the four .strains of bat'- 
teria seeme<l to attack the endiryos of the nonwounded seeds and no ditfer- 
en(*es were obtained in tiie |)(‘r<‘enta«^'e jierniination of the control and of the 
infested .seeds. 

As in the bai*ley and brome^rass trials, the pereenta^^es of infeeted seed- 
lin<>s were jireater witli wounded than with nonwounded seeds. With brome- 
jjrass the differen(*e between the two wa-s very mueh greater than with the 
other crops. Race 6 was the lea.st tiathojrenie. Races 4 and 6 ]n*odu(‘e(l l(*ss 
seedlin<r infection than 1 and 5. In the soil the jicreentajres of infe(*tion 
were 50, 40, 56, and 40 for the four ra(*es use<l. Seedling development was 
also influenced by the pathogen. For examjde, the averajic ])lumule hvn^^th 
for the eiji'ht seedlings in the first trial of wounded seeds infested with ra<*e 5 
was 2.6 cm., while the plumule leufrth in the eln^ck was 7.0 cm. 

THE RESPO.Nt.E OF NONWOI N|)EI) SEEDS SOAKED l.\ Sl’SI^ENSlONS OF 
XA.VTIIOMONAS TRANSET’CENS VAR. CKREAEIS 
A.\D I'LANTED IN SOIL 

Laboratory trials with .seeds .soaked in a ba<‘t(‘i‘ial suspension sliow(‘d that 
such infested seeds <>ave rise to infected seedlin<is in P(‘tri-di.sh plantin^^s. 
This raised the <piestion as to what mijrht happen when sindi infested .seeds 
were planted ui the soil. To stmly this problem an ex|)eriiin‘nt was designed 
to determine the influeiu'e of races 1 and 6 on emerj.*‘en(*e and secHHin*!* disea.se 
with hulled and iionhulled barley seed. Lots of 200 seeils eavh were soaked 
in bacterial suspensions of races 1 and 6. and in water as control. After one 
hour of soakinjr under partial vacuum tin* .see<ls were jilanted, 40 .seeds i>er 
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j)ot, in 4-ineh pots of steamed soil. Five replicate pots for each of the twelve 
treatments were planted and randomized as complete blo(*ks on the green¬ 
house bench. 1 he emerjrem'e connts were made after seven days and are 
presented in fijynre 1. 

An analysis ol the data indicated a hi<rhly significant reduction in emer- 
f»;ence of hulled seed due to bat'teriai seed infestation. No si|?nificant differ- 
en<*es were noted between tlie two ra<*es. The eriier;rence of nonhulled seed 
was unaffected by bacterial infestation. The hulls seemed to protect the 
seed from bacterial injury. With removal of the hulls, better emerjjrence 
of* the seed was obtained in the control series than when tlie hulls were left on. 



FKi. 1, 'riu* ;iM<l trsultiiig miiubt’V of iiiftrliMl wluch dovolopod 

from hull(‘d nnd mmlnillod rloro\t‘d l):nh‘v si-od soakod in siispoiisions of two raros of 
A lintlunniituts 1 run^ilnri’f s var, i‘i riiilis. Socds jdantod in stt‘;niU‘d soil. 


Fi<;. li. Tin* iMToont.i^jo j^ormiiiatioii and iiilVclod sccdlin^^s wliicli dovelo]K*d from 
wouiidt'd and iionwoundi*d hromo^rass soods soaked in a siis]u‘nslou of rare (> ot Aanthi)- 
nnnuis transfnrt n.s var. n rnilis. 

The numbei's of diseased ]dauts recorded ten days tollowinti’ planting are 
in fijrure 1. The results indicated (1) seedlinj*' infection with both races of 
Xanfhonwnas translucrns var. crtralis: {2) a jrreater number of })lants 
infected with ra(*e 1 than with I’ace 6; (3) a greater number ol plants infected 
by both ra(M*s when hulled seed was used. These infection results were iii 
agreement with those obtained in the Petri-dish trials. 

In a further exiterirnent four races of the or^muisin were compared. The 
non lull leil seeds were used and infested as before. The seeds weie j)lanted 
iu potted steamed soil in four replieations and randomized within^ a iiioist 
ehamber where the tem|>erature ranjred from 15^ C. at ni|»ht to 2o C . dui- 
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ing: the day. After seven days the pots were transferred from the chambers 
to the jL»Teenhoiise bench and emergence was recorded. Seven days later 
notes \vere taken on the number of diseased seedliiifirs. 

A variance analysis of tlie data revealed a highly sijiiiificant decrease in 
emergence due to the ra(‘es 1 and 4, but not to races 5 and 6. All of tliese 
races induced low percentages of seedling infection, I’anging from three with 
race 1 to six with race 5. Despite the low incidence of disease the experi¬ 
ment showed that infected s(‘edlings could be obtained by planting infested 
seed in steamed soil in tlie greenhouse. 

Wheat and broniegrass s(Mnls also were tested with the same lour races 
None of the races influenced emergence of these grasses although a few seed¬ 
lings were diseased in each of them. All races caused some wheat seedling 
infection while only race 6 infected broniegrass seedlings. 

The small number of infected seedlings in these soil tests constituted 
further evidence that wounding favors infection. The data from th(‘ soil 
experiments substantiate the findings of tlie laboratory trials that wounding 
favors the entrance of the tiathogen into the dcv(‘loping seedling. 

THE mo\t:ment of xantjiomonas tkansluoens vak. cehealis into 

THE SKIOI) AND LEAVES OF THE DEVELOPING SEKDIUNG 

Although Hagborg (4), Galachian (2), and (lorlmiko (3) sliow’(‘d that 
diseased seinllings develo])ed from wounded, ijifested wlieat se(*ds, they did 
not attemjit to exjilain how or where the baeteria entered tlu* seed and the 
develojiing seedling. Tw’o courses are open; either 1))(‘ patiiogeu contami¬ 
nates the developing ('oleoptile as it emerg<*s from iHUieath the hulls and 
subsequently passes through it to reacli the first leaf oi' the jiathogtn pene¬ 
trates beneath the Iiulls and testa of the seed ami enters tlie young (b’velojiiug 
embryo. If the latter method is followed there must lx- a |)oiut in the embryo 
through whieh the bacteria, wouhl pass to reach the jirimary leaves of the 
seedling. 

The present studies using nonhulled, hiibcd. and wounded hulled se(‘ds 
have sbowm that high peri'ciitages of itifcfUeil seedlings were obtained only 
when the seeds were wounded. When the testa over the embiw’o was sjVlit 
to allow' for passage of tlie liacteria to tlu‘ (*mf)ryo, bigli |)erceutagf‘s of tiie 
growing seedlings developed infected coh*optiies witliin 48 hours after inf(‘s- 
tation or had lesions on the tirst foliage lea\’es upon the leaf’s emerg(*nco 
from the coleoptile. Tli<‘se facts indicated that the bacteria ])enetratcd the 
coleoptile at some point s(>ou after they were in (‘ontai't \villi the tissues, sinci* 
the symptoms ^Yere evident so soon after germination. Sections of diseased 
plumules present evidence to support tliis contention. 

The symi'toms on barley, broniegrass, and w lieat seedlings were i-emark- 
ably alike. Many diseased seedlings, 48 to 72 hours old, were examined with 
the binocular. The first apparent .symptoms on |)liimules 3 5 cm. long were 
yellowing, distortion, and deformation of the coleoptile. Long, water-soaked, 
sunken streaks were on some (*oleoptiles. Tlie.se streaks whieh wen* apiiarent 
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Fio. 3. Fiseased li*at* of a barley seedlinj^ with wnter-soaked, traiisliieciit 

areas. Note the }>aet('ri;jl (*xiidato. 


before tlie foliage leaf had burst throii^li the cole()i)tile, became brown and 
later si)lit, thereby ext)osin^ the yellow water-soaked inclosed foliage leaf. 
Severely diseased ])lvnnules soon collapsed and died, either before or after 
cTnergeiiee from the eoleoptile. In less severely infected pliiinules the first 
foliage leaves emerged from the coleoj)tile and continued to develoj). Scat- 
t(‘red translucent ar'eas develotted along the unfolded leaves and these areas 
later eiilarge<l into yellow-gn'cn, water-soaked strea,ks (Fig. »>). These 
streaks were clearly \ isil)le on barley and wheat, but Avere difficult to see on 
the nari’ow leav(*s of l)romegrass. As the brume leaves iiicreased in size, hoAV- 
iM'er, the streaks became clearly |)erceptible. 

Free-hand sections cut from the base of the diseased plumule Avere studied 
under tlie mi(U*oscope. Ibuderia <‘oubl be seen streaming out of tlie cut ends 
of the sections, l)ut it was not always possible to determine the f^xaet point 
of egression. l\lass(‘s oi bacteria and cell d<*bris exuded from the tissues oi 
the eoleoptile ami friun the vicinity of the first foliage leaf. There Avere no 
b‘sioiis at tlic tit> of the ])lumule nor Avas th<‘re any bacterial streaming trom 
.se(dions made at the ti[). 



Xanthomo?ias ImvsUictvs vur. « flu- Icwtcria wore in the eoleoptile while at B 

and the spread in the tissues. At A and V. tiu luur 
the parasite reached the first foliage lea . 
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Plumules from which the free-hand sections had been cut in the prelimi¬ 
nary diagnosis were killed in formalin-acetic-alcohol saturated with mercuric 
chloride. The mercur\' was added to prevent the leaching of the bacteria 
from the tissue. The tissues were run througli the butyl alcohol series, 
embedded, and stained. 

The sections were examined under the niicroscoi)e for the location of 
lesions and the organism in the tissues. In these lesions thei*e were iriasses 
of bacteria in tlie intercellular spaces extending fi'om the outer to the inner 
surface of the coleoptile (Fig. 4). The first foliage leaf lying against the 
inner wall of the coleoptile was severely paiysitized and partially disinte¬ 
grated. The tip of the second foliage leaf abutting the first leaf was entirely 
destroyed and the space filled with debris and bacteria. The third leaf lying 
inside the second leaf was not invaded. The ])athogen was intercellular in 
the ]>arenchymatous ti.ssues and it was never observed inside the endod(*rmis. 

There was no evideiK'e that the bacteria invaded the s(‘edling ex(*ej)t 
through the coleoptile. Stomates were observed along the (*oleo|)tile and 
these served as natural openings for the entrance of the bacteria. Pen(‘tra- 
tion was not observed in the root tissue or in the scutellum area. Primaiy 
infection presumably occurred tlirongh natural optmings or wounds in the 
coleoptile either while in the embryo or in the early stages of plumule elon¬ 
gation. Presumably, tlie pathogen was carried uj) in the aerial parts of the 
seedling when the first foliage leaves <‘m(‘rge<l from the elongating infect<*d 
plumules. 

srMMAKV 

Seed and seedling infou'tion of barl(*y, bromegi-ass, and wheat was studied 
with seeds infested with races of Xniklhomonns franshau ns var. cf/V f/Z/.v. 
The factors studied were duration of pericxl during which tiie seeds wei’c 
soaked in bacterial sus})ension, hulling and wounding the seeds, and the tem¬ 
perature during .seed infestation arnl during sr*ed germination and growth. 
The localization and tlie penetration of the bacteria into the ileveloping 
plumule were studied also. 

Hulled barley seed soaked for one hour in bacterial susj>ension prodinxMl 
54 per cent infected seedlings while the nonhulled seeds which had been 
soaked in bacterial suspension for the same period produ(*ed only 12 per ixuit 
diseased .seedlings. A 24-hour .soak was nec(‘ssary for tlie nonhulled seeds 
to yield 50 per cent diseased seedlings. 

The temperature during seed ijifestation of nonhulled barley setxl was 
not a facdor influencing seed germination or seedling disease. The tempera¬ 
ture during seed germination and .seedling develo])ment infiuenced emer¬ 
gence and seedling infeidion when seeds wei*e iidVsted with race 1 of Xantlio- 
monm imnslvccns var. cereal is. 

Infection of barley, bromegrass, and wheat seedlings was facdlitated by 
rupturing the testa, covering the embryo prior to seed infestation. Diseased 
seedlings were obtained from infested hulled barley and bromegrass seeds 
that were planted in the .soil. A few di.seased .see<llings also develope<l from 
nonwounded infested wheat seeds. 
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Xanthomonas franslHcens var. cerealis penetrated through wounds in the 
j>eriearp eoverin^ the embryo, as demonstrated by the greater percentaj^e of 
infected seedlin^^s obtained from wounded seeds. 

Infecdion of the plumule occurred throug;!! wounds or stomata on the 
coleoptile, spread rapidly through these tissues, and finally reached the 
inclosed foliage leaves. Since the first foliajre leaf was adjacent to the cole¬ 
optile it became infe<*ted before emerfring from the coleoptile. In this way, 
the infe(fte<l leaf by elonj>:ation carried the bacteria into the aerial parts of 
the seedlinjr. The initial symptoms were water-soaked streaks on the pri¬ 
mary leaf. 

Iowa Agricitlturai. Kxj’eriment Station, 

Ames, Iowa. 


LITERATURE CITED 

1. Bamhkrg, R. 11. Hlack cliaff diacaHC of wheat. Jour. Agr. Ros. (U.S.] 62: 397-417. 
1936. 

‘J. (JALACHIAX, R. M. Verification of pathogenicity of strains of Bacierinm airofaciens 
(Mclhilh under laboratory conditions. Proc. Lenin. Acad. Agr. Sci. U.S.8.R. 
11: 40-43. 1941. 

3. Gorlknko, M. V. Pathogenicity of differoiit strains of Bacterium translucens var. 

mik/w/o-vm/m to wheat. Proc. Lenin Acad. Agr. 8ci. IT.S.S.R. 9: 26-28. 1941. 

4. H.\gbor<j, W. F, Black chaff, a composite disease. Can. Jour. Res. (C.) 14: 

347-359. 1936. 

5. JoNKs, L. R., A. (i. Johnson, and (!. 8. Reddt. Bacterial blights of barley and 

certain other cereals. Science 44: 432-433. 1910. 

e. -,-, and-. Bacterial blight of barley. Jour. 

Agr. Res. [l^S.J 11: 625-644. 3917. 

7. Ki.n<}solvkr, C. H. Pathogenicity on Avena and growth response of Pseudomonas 

coronafaeiens ( KUiott) Stevens. (xVbstr.) Iowa State College Jour. Sci. 19: 
29-31. .1944. 

8. Smith, E. F., L. R. Jones, and S. Reddy. The black chaff of wheat. Science 50: 

48. 1919. 

9. Wallin, Jack R. Parasitism of Xanthomonas transluc( ns (J. J. and R.) I)o>vson on 

grasses and cereaKs. Jn press. Iowa State College Jour. Sci. 



IDENTITY AND KNOWN DISTRIBl-TION OF ELSINOE PIRI 
IN WASHINGTON AND OREGON 


Anna E . Jenkins, M . J . F o r s e l l and 

Ij . W . B o Y L, E 

(Aeeepted for publication February 20, 1946) 

This papt^r presents certain basic data on the identity and known North 
American distribution ot* Elainnr piri (Woronicli.) Jenkins (3, p. 696) 
previously reported only in al)stract form (2. p, 969 and 7). The recent 
findings in our Northwest of this patliogen, ^Jiitfierto reported only from 
Europe (3) and South America (3, p. 694; 5, p. 34—35; 6, p. 154), are of 
special moment in view of the economic importance of the susceptible fruit 
crop in the United States. 

The first specimens examined were spotted ap|)le leaves from Mt. Vernon, 
Skagit County, Washington, September 1, 1943, collected by M, J. Forsell 
and E. I. Smith, and spotted a])i)le fruits from South Bend, Ibicific County. 
Washington, October 10, 1943, collected by R. F. Wilbur, all three of wliom 
participated in the Special Survey in the General Vii'inity of Ports of Entry 
of the U. S. Bureau of Entomology and Plant Qiiai'antine. These initial 
findings led to a special survey in 1944 in westeiai Washijigton and Oregon 
by L. W. Boyle, of the Emergency Plant Disease' Survey, U. S. l-$ui’eau of 
Plant Industry, Soils, and Agricultural Engineering, which was supide- 
mented in Western Washington by M. J. Forsell. 

Spotting typically produced by this pathogen is represented b,v the 
numerous specimens collected during Sex)tember, October, and November 
over extensive se(dions of we^stern Washington and Oi'egon. Examples of 
infected apple fruits and apple and pear leaves are shown in figure 1. Spots 
on the fruit of tlie Grimes Golden variety (Fig. 1, A) were generally ‘‘brick 
red^^^ (color reading based on dry apple ])eel) and pale at the center in 
the case of the older spots. Spotting was particuilarly colorful on a seedling 
ai)ple fruit (Fig. 1, (y). Smaller spots on this fresli apple were “pome¬ 
granate purple,“ larger more diffuse spots were “Eugenia red,’’ and centers 
of older spots were puri)le browji. In contrast, the healthy ap])le skin in the 
1 Colors in qnotnt ioii inarlis are based on Ridgway (10 ). 

Fig. 1. 8p<!ciinen8 of Eltfivoi piri on apple and poar colloctod during the survov of 
1944. A. Grimes Golden api>le, Whatrom O)., Washington, autumn, M. J. Forsell. x 1. 
H. Apple loaf, between Bellingham and Kverson, Whatcom Co., Washington, September 21, 
Jj. W. Boyle; a, x 1: b, part of a, showing dark conidial stage on tlui spots; <1, same spot as 
c. X 3.5. C.'- Fruit of an apple seedling, vie. Dayton, Yamhill Co., Oregon, Nov. 21, L. W. 

Boylo and J. A. MilbratJi. x 1. D. Pear leaves, Mt. Vernon, Skagit Co., WaHhington, 
September 20, L. W. Boyle, * 1. E. Detail of C, a, showing enlarged lenticular perfora 
lions. X 3.5. F. Apple leaf from Lynden, Whatcom Co., Washington, September 19, M. 
,1. Forseb and A. J, ITanson. x 1. G, Prominent spot on fruit of Orthy apj>]e variety, Bay 
Center, Pacific Co., Washington, September 28, L. W. Boyle, x 3.5. II. Detaif of F, 
showing abundant dark fructifications of the conidial stage (c) II, a and 11, h (inset) 
sduic as F, a, and F, h, respectively, x 12. I. Spots on apple leaf, South Bend, Pacific 
Co., Washington, September 28, L. W. Boyle, x 1. J and K. Spots from I showing 
small, although distinct pustules of tlie conidial stage; K, same spot as I, a. xl2. 
Photographs by M. J. Forsell ( A) and K. !,•, Taylor (B-K). 
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rei^ion of the spots was ‘‘liimier {jrreen’’ and ‘^lijjrht lumier ^reen.’^ What 
may be of partieiilar sijriiihcaiiee in eoiuieetion with the survey is the 
single eolleetion on (piinee of what is here tentatively identified as Elsinoe 
piri. The spotted‘leaves eoneerned were eolleeted at Olfia, San Juan Co., 
Washington, on elune 13, by C. Bodie of the IJ. S. Bureau of Entomology 
and Plant Quarantine. 



Fio. 2. Distribution of FAsimH; itiri in W^•l.sl^ington and Oregon in 1944. 


AH the speeirnens examined showed only the eonidial stage, Sphmeloma 
pirinum (Peglion) Jenkins n. com. An isolation was readily made from 
the fruit illustrated in figure 1, V. On this fruit, vegetative growth of the 
fungus protruded through the enlarged lenticels (Pig. 1, B), as described 
by Osterwalder (9) in case of a fruit spot on the Jonathan apple variety. 
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This spot was subesquently identified by Jenkins and Horsfall (8) as the 
Elsinoe fruit spot. In general on the specimens examined, the eonidial 
stage forms more or less extensive linear, sometimes branched, dark pustules 
protruding through fissures in the ei)idermis (Fig. 1, G, also illustrated at a 
magnification of 12 diameters in 4, Fig. 1, C). (Jonidia are rarely in evi¬ 
dence. Spots on pear leaves (Fig. 1, D) are similar to those on apple leaves; 
likewise they agree with Arnand’s (1, v. 2, p. 1059) description of a pear 
leaf s])ot in France, which has now been interpreted (4) as that caused by 
E, piri. Tlie specimens and culture here utilized have been deposited in 
the Mycological ColUndions of the Bureau of Plant Industry, Belisville, 
Maryland. Representative material also is included in fascicle 2 of “Myri- 
angiales selecti exsiccati’’ by A. E. Jenkins and A. A. Bitancourt, now in 
process of issue. 

The ac(‘om|)anying map (Fig. 2), showing (iounties in which the fungus 
was found in 1944, indicates its wide distribution west of the Cascade Moun¬ 
tains. Thus far there liave beeen no identifiable findings of it elsewhere in 
North Amcric^a. 

Plant Industry Station, 

Beltsvilij:. Maryland. 
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OCCIJKRENCE OF CURLY-TOP VIRUS IN MERI- 
STEMATIC TISSUE 

C. F . Lackey 

(Accepted for publication February 21, 1946) 

INTRODUCTION 

The work of Bennett^ and of Bennett and Esau“ stroiif^ly indicates that 
the phloem is the tissue in sugar beet and tobacco in which the curly-top 
virus multiplies. It was demonstrated that liie virus reaches its highest 
concentration in the phloem and that the virus is dependent on that tissue 
for translocation. Evidence was found that the virus sometimes occurs in 
the parenchyma but in relatively low concentrations. Anatomical observa¬ 
tions indicate that exudate es(*a})ing from nei'rotic phloem may carry the 
virus into the intercellular si>aces of the parenchyma. No explanation is 
known, however, for the fact that in tin* (‘rown jiarenchyma where the cells 
are closely packed together tliere was found as much as or more virus than 
in the pareneliyma with its larger intercellular spaces. 

This paper reports evidence of virus multipli(*ation in meristeinatie tissue. 

MATERIALS AND METHODS l^SED IN TLSTS ON KOOr TIPS 01’ SUGAR 
BEETS AND BEANS 

Methods were designed to cut sections of sugar-beet, and bean root tips 
below the protophloem sieve tubes which would contain the meristeinatie 
tissue of the growing point. To do this it was uect\ssary to secure data on 
the distance from the tip of the root enp to the first ]irotophloem sieve tube 
as well as to the growing point. Tliis information was obtained by section¬ 
ing and measuring serial sections of root tij)s ei.'ibeddiHl in sets of five. 

In order that some correlation ('ould be made between size of root tips 
and distance to first protophloeiii siev(' tube, the diameter oi‘ tlu^ tip was 
measured at tjje lower end of the first sieve tiitx*. A|>proximately 500 root 
tips were examined, including those from both healthy and curly-toj) infected 
beets. The diameter of the healthy root tips at the lev(i of tlie lower end of 
the first sieve tube varied from O.^ll to O.fiG mm. and tJie distance from tlie 
tip of the root cap to this point varied from 0.55 to 1.20 mm. The diameter 
of root tips from curly-top infected beets ranged from 0.21 to 0.51 mm. and 
the distance to distal end of the first .sieve tube 0.52 to l.lll mrn. 

With these dal a in mind it was ]>ossihle to cut sections of root tips well 
outside the distal end of the first protophhaun sieve luh(‘ which would con¬ 
tain mainly undifferentiated meristem of tin* growing point (Fig. J). Tlie 
fresh, living vuot tips were stained lightly Avitli neutral red to make them 
visible when embedded. They were embedded in warm, soft paraffin in the 

1 Bennett, (J. W. PlMiit-tiHSue relatjons of the sugar beet curly-toi) virus. Jcuir. 

Agr. lies. [U.IS.] 48: 665-701. 1934. 

2 -J and K. Esau. Further studies on the relationship of the curly toi» 

xirus to X)lant tissues. Jour. Agr. Res. [U.S.] 63: 595-620. 1936. 
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following manner. (-oinniereiaJ parawax was used on account of its plia< 
bility at relatively low temperatures. The root tips were placed in a shallow 
groove in one side of a thiji bkxjk of parawax. The soft wax was then gently 
folded to Jiold them firmly; or, sometimes, two thin blocks of softened paraffin 
were grooved together oA cr a root tip. When the embedded tips were cooled 
in the refrigerator for a short time the hardened ])araffin held the rootlet 
firmly without crnsliiiig it. By use of a hand microtome and sectioning 
razor, root-tip sections could be cut from 0.1 mm. up in length. The length 
of the root tip cut varied according to its diameter, so that an ample safety 
margin was left between the lowest section cut and the lower end of the 
first proto|)ldoem si(we tvd)e. Large root tips were used. When a section 
was cut the paraffin was sejuirated from it by means of dissecting needles. 
From 20 to 132 sec tions of root tips were used in different tests. These small 
se(;tions w(*re macerated in a 5 i)er cent sucrose solution and nonviruliferous 
leafhop|)(U‘s were allowed to feed on this solution by using feeding cages of 
the type described by Benin‘tt. ‘ TJie leafhop])ers were then caged singly or 
in twos on .suseeptil)le test beets in the cotyledon stage. 


RESULTS WITH SUGAR-BEET ROOT TJI'S 

By tlie use of the metliod described above for cutting these se(;tions of the 
iiM'i’isteniatic region of the diseased beet root ti|)s a series of tests was con¬ 


cur MADE HERE - 



Uld. 1. skctcti of ;i Icnj^ituahuil sect ion of n sugai-bcct 

sl.owiiif; the voitioii ‘>1' t''*' »'I’ “'I' ‘>1 

cap; B, growing point ; U, ]>rotoplilocin sieve tul>e. 

As iiidicfited in lisnii'e 1. tliese sections, rfuijiiny irom 0.‘2 to 0.4 unn. 
in length, Avere froin tlie root-inip portions of the meristematic region and 
well below the first protophloem sieve tubes. In all 22 ol these tests, usiuj' 
from 7 to 24 test beets in each test, positive results were obtained, with an 
averafte percentajie of infeetion of 23.3. 

Direct Feeditu) of Vectors on Beet Boot Tips 
For these tests, lar-e. livinfr root tips from sufrar beets infected with 
eurlv-top virus were used. These were embedded singly m so t commercial 
Bennett, C. W. Stiuluvs on properties of the rurly top virus. Jour. Agr. Kes. 
rU.S.] 60: 211-241. H'S.t. 
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parawax leavinji^ one-halt* milliineter or less ot the root tip exposed. A short 
section ot small ^lass tubing was placed over each ot these protnulin^^ root 
tips and one or two ](‘athoppers put in the tube and the upper end closed 
with cotton. The vectors remained in the tubes 3 to 5 hours at relatively 
hif?h temperatures. Some ot the vectors died and it was difficult to deter¬ 
mine the lenfith ot time the ones remaining alive had fed on the tips. Some 
of the leafhoppers remained alive althouj*:h they did not teed durinjjf tlie 
4 hours of the test. Intection was obtained in 3 out ot 7 tests made. This 
again indicates the presence of virus in the meristematic tissue ot tlie root 
tips. ^ 

The possibility that some leafhoppers may have reached a sieve tube when 
feeding was suggested. To answer this (luestion, studies were made of leaf- 
hopper punctures in beet petioles as described by BcJinett in 1934. Measure¬ 
ments were made ot tlie ilepth ot these punctures. Many ot these punctures 
were on the side of the petiole away from the vascular bundles and so proba¬ 
bly were of the maximum depth possible for the leafhoppers to penetrate. 
The punctures varied from 0.17 to 0.35 mm. where no phloem tissue was near. 
The measured distance from the extreme end ot [)roto])hloem sieve tube to 
the surface of the root cap varied from 0.52 to 1.13 mm. In the large root 
tips used in these tests the distance averaged about 1 mm. It seems obvious, 
then, that the sieve tubes could not have betui reached in tlie feeding tiroc'css. 

TliSTS ON ROOT TIPS OF BEANS 

Root tips of beans were tested because of their large size and the ease* 
with which they can be grown. They averaged as lai’ge as tin* larg('st of the 
beet root tips. These tijis were tested in the same mannei* as the beet ti|>s. 
The sections of the root tip including the root (‘ap were cut in lengtlis of 
0.4 to 0.5 mm. These were te.sted for virus cont»*nt. From 12 to 24 test 
lieets were used in eacdi of 15 tests and infection was obtained in all, with 
an average percentage of 32.6. As with the beet root tijis, tlit‘se results show 
that virus oc<‘nrs in the meristematic tissue of bean I’oot tips. 

TESTS OF CAAfBIUM FROM TOBAC(H) STEMS 

Tifpes of Plants Used 

Two species of tobacco, Nicotiana tnhacum \j. var. Turkish, and A. {/lufi- 
nosa Jj., were us(»d in these tests. When sauifiled for virus, these plants 
varied in age, condition of growth, and degree of si'verity of (*urly-to]) sym]>- 
toms. When ino('ulat<nl, there was not much dilTer(nnM‘ in the size and age 
of these plants, which varied from 12 to 18 inches high. However, when 
cambium was taken from them for sampling, the Turkish tobacco plants were* 
of four classes: (1) Rapidly-growing plants 12 to 15 inches high, 2 to 3 weeks 
after inoculation, and with severe symptoms; (2) jdaiits 15 to 24 iindies higli, 
3 to 5 weeks after inoculation, and with .symptoms past maximum severity; 
(3) older plants about 24 to 30 inches high, 6 or more weeks after inoculation, 
showing some recovery; (4) old plants about 36 inches fiigli, 8 or more weeks 
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aftei iiioeiilation, aiid in an advanced staj^e of recovery witii almost no symp¬ 
toms on the yonnj** upper leaves. The N. (jlutirwsa plants used in tlie 
experiments varied (‘orrespondinjrly in aj^e, size, and ienj^th of time after 
inoculation. 

Methods 

The bark of a rapidly ^rowinji; tobac(‘o plant may be readily removed, 
leavin*^ a layer ol cariibiuni tissue on the woody stem. This meristematic 



Fl(}. 2. TraiiMviTsc* MtM'tioiis of tobju'co steins: A, Pareneliyma eells (p) of bark,, 
external primary |>liloem («*ph), cambium ring (c), where bark separates from (sp) 

woody cylinder of xylem (x) and internal primary phloem (iph) ; n, bark separated from, 
woody (\'liiider of xylem (x) and showing external primary pliloem (e])10 in bark at 
upj)(‘r ed^O‘ of cambium layer (c) ; (\ bark of tobacco stem showing ext(‘rnal primary 
phloem («*ph ) in it ; I>, woody cylinder showing xylem area (x) and outer edge free from 
internal primary jdiloem tissue after bark is peeled ofT, (c ) thin cambium laycu*. 

tissue WHS s(*rHpcd from tl- to 4-iMch sections of the tobacco stems and the 
scnipiiiffs were suspended in a 5 per cent sui*rose solution. Nonviruliferous 
leafhopiters were allowt'd to feed on sucrose suspension of tlie scraiiings by 
usings the same type of feeding (*ag:e em])loyed with the tests on macerated 
root tips. 

Bv’’ this method there was little chance of contamination fiom \ascular 
tissue, as is evident by examination of figure 2. higure 2, A, is a transverse 
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section of a tobacco stem showing the bark with external primary phloem, 
cambium layer, woody xylem, and internal primary phloem. Figure 2, B, 
illustrates how the bark comes loose from the woody cylinder, leaving only 
a thin layer of cambium on it and taking all the external primary phloem 
with the bark. Figure 2, C, shows a section of bark with the external pri¬ 
mary phloem and most of the cambium layer pulled off with it. Figure 2, D, 
is the woody cylinder left after removing the bark with only a thin uneven 
layer of eainbiiim tissue left on it. Both freehand and prepared sections 
were examined under the microscope after removing the bark to check possi- 

TABLE 1.— T(?stti for occurrence of curly top i^rus in eambinni of Nicoilana 
tabacum 


Experiment 

number 

Test beets 
inoculated 

Test beets 
infected 


Number 

Per cent 

1 

24 

70.8 

0 

18 

44.4 

3 

20 

05.0 

4 

28 

04.2 

5 

20 

50.0 

(5 

20 

35.0 

7 

18 

27.3 

8 

20 

30.0 . 

9 

20 

50.0 

10 

24 

25.0 

11 

20 

8,5 

12 

20 

15.0 

13 

20 

30.0 

14: 

20 

10.0 

15 

20 

0.0 

If) 

20 

0.0 

17 

20 

10.0 

18 

20 

0.0 

19 

20 

5.0 

20 

*’2 

13.0 


condition of tobacco plants when 
canibiiini was tested 


Young plants 12 to 15 inches high, inoculat<Mi 
for 2 to 3 weeks, and with curly-top symp 
toms of maximum sc'verity. 


Plants 18 to 24 ijiches higl», inoculated for 3 
to 5 w'eeks, and with (Mirly to]) symptoms a 
little past maximum di'grce of s(‘verity. 

Plants 24 to 30 inches high, ino('.ulat(‘d for 
about 6 weeks, l(‘ss severe symptoms than in 
tlie ex])eriiii(‘nts 0 to.O, and first dtdinite 
signs of rt‘cov(!ry evident. 

Old plants about 3)0 inches high, inoculated for 
8 WH'eks or more, in an aclvainual stage of 
recovery. 


bility of some outer phloem tissue remaining on the peeled stem. In every 
case examined the outer idiloem catne off witli the bark. 

Results 

The results of tliese tests with cambium from Nicofiana lahacnm and N. 
gluiinosa are in tables 1 and 2. The conccutrations of virus in the ('ambium 
were highest iii the ease of the youngest plants with curly-top symptoms of 
maximum severity. Apparently th<i virus concentration in the cambium 
decreased as the plants i-ecovered. 

DISCUSSION 

The curly-top virus lias certain advantages for the determination of its 
presence in meristeinatic tissues. This is due to its inability to infect plants 
by juice contact, as is the case with some of the mosaic viruses. Since its 
rapid translocation is limited to the phloem and since tliere appears to be 
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little if any of it in pareinrliyma tissue, there is little chance of contamina¬ 
tion in dissecting out the meristcinatie tissue for testing. 

The question arises, why does the virus exist in the meristeniatic tissue 
of diseased plants, while there is little or none of it in the parenchyma? 
In parenchyma derived from invaded meristem the virus must be inactivated 
or its multiplication stopped. 

Relatively higli concentrations of virus were found in the cambium near 
the lower ends of stems of tobacco plants inoculated in the tops. Bennetf* 
in his general review of movement of viruses states that present evidence 
indicates viruses will not move faster than 1 to 2 mm. a day through paren- 

TABLK 2 .—Tests for orvarrenco of viru.s in camhkim of Nicotiana (flulinosa 


Exp(‘rii!i(‘nt 

number 

Test lieets 
inoeulated 

Test be(‘ts 
infected 

Disease condition of toliacco plants when 
caniltinni was tested 


A umher 

Per cent 


1 

20 

50.0 

Young plants 12 to 15 inches high, inoeulated 

V) 

16 

50.0 

for about 2 vvt'cks, symptoms at maximum 

a 

20 

60.0 

dt'gree of severity. 

4 

20 

70.0 


5 

20 

65.0 


(5 

20 

60.0 


7 

18 

33.3 


8 

16 

62.5 


9 

12 

66.6 


10 

13 

30.8 

Plants 15 to 20 inches high, inoculated for 3 to 

11 

20 

30.0 

5 weeks, syiiiptonis past niaximuiu degree of 

12 

20 

35.0 

.s(‘verity. 

i:i 

20 

20.0 


M 

20 

10.0 

Plants 24 to 30 inches high, inoculated for 0 to 

lo 

20 

20.0 

8 weeks, in an advanced stage of recovery 

10 

20 

10.0 

from curly to]i sym^itoins. 

17 

20 

0.0 


18 

20 

0.0 


19 

20 

10.0 


29 

20 

0.0 



chyma ceils. Such a rate of movement would not be fast enough to account 
for the virus being in the cambium of the lower end of the tobacco stem in 
such a relatively short time aftm- inoculation even though these plants Avere 
only 12 to 18 inches high when inoculated. The probable explanation is that 
the virus passes from the ])hloenv irdo the cambium and multiplies in this 
meristeniatic tissue. The course of developments in root tijis is pi'obably 
similar. 

It .seems strange that with fairly high concentration of virus in the cam¬ 
bium and uvulitferentiated region of the root tips no injury to these meriste- 
matic tissues has been observed. Necrosis in the phloem ot infected plants 
is the rule. The few cases of cell degeneration noted by the writer’ in the 
4 Bennett, C. W. Tlie rel.-itiou of viruses to pl.-int ti.ssue.s. Bot. Bcv. 6: 427-473. 
1940. 

Lackey, C. F. Ciirly t(»i» virus in root tijis of sujrnr l)(‘(*ts uiid beans. (Abslr.) 
Phytopath. 28: (571. 1938. 
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apparently undifferentiated region of root tips were cells directly below the 
extreme ends of sieve tubes. The location of these affected cells suggests 
that they had passed beyond the meristematic stage. Injury to differentiated 
cells adjacent to the phloem in diseased plants has been commonly observed. 
Division of Sugar Plant Investigations, 

United States Department op Agricttlture, 

Riverside, California. 



INJURY TO APRICOT LEAVES PROM FLUORINE DEPOSIT 

E . K . D E O N G 
(Accepted for publication March 1, 194()) 

Injury to dairy pastures and orchards in the vicinity of an aluminum 
rediu'tion plant was reported in 1948 and 1944. The injury to dairies con¬ 
sisted of tlie deposit ot fluorine on alfalfa and other ])asture crops where 
ilairy herds were beinj^^ ke|)t. This deposit was reported by State authori¬ 
ties as bein^’ of suflRcient amount to be dauj^erous to cattle feedinj^ in the 
exposed fields adjoiniu”' the rediudion plant and in the direction of the pre¬ 
vailing: winds. 

Vegetation in the area adjoining* the reduction plant suffered to a varyin*< 
(le^^ree. Many of the broad-leaved plants were blackened, and a few English 
walnut trees and apricot trees within one-half mile oi* the plant were almost 
did'oliated by the end of July. 1944. Apricot foliage still remaining on the 
trees was a dull red brown, and the outer edges of the leaves were dead. 

Examinations were made at intervals and foliage^ and fruit sampled from 
a large orchard property T| miles from the aluminum reduction plant, and 
directly in line witli the prevailing wind. The ondiards consisted of 60 acres 
of White Adriatic figs, 40 acres of Tilton apri(‘ots, and 5 acres of Elberta 
peaches. The paid of the fig orchard adjoining the reduction plant was 
severely defoliated even in August. This varied because the soil is spotted, 
but there was less defoliation and a better growth of both fruiting wood and 
the current cro|) in the half of the orchard furthest removed from the fumes 
of the [ilant. The 1948 crop was lighter than in the two previous years, 
while th(‘ growth of fruit wood was shortened and frequently the terminal 
buds were injured, which resulted in a '‘witch broom^' effect. No discolor¬ 
ation of foliage was noted. 

The apricot orchai’d was very conspicuous fi*om the type of injury occur¬ 
ring. The area adjoining the plant was about 60 per i^ent defoliated the 
first part of August. Most of the leaves remaining on the tree were injured 
and the brown, dead parts of the leaf had an appearance of fire damage. 
Much gumming was found on the young twigs, and gum pockets were at the 
('rown of some 5-year-old trees. Defoliated areas of 5 to 16 incdies were noted 
on a large proportion of the twigs that made u}) the bearing wood. Beyond 
this defoliated area tin* younger leaves had varying amounts ot brown, dead 
tissue. This type of injury was noted throughout the orchard but was more 
|)ronounced adjoining the reduction |)lant and in s})ots through the older 
orchard of 11 to 18 years. Ibifavorable soil conditions in gravel spots in the 
sub-soil or in spots whei-e tin* soil was too heavy, resulted in an intensifica¬ 
tion of the symptoms. The 1945 crop was only about 50 per cent of normal; 
its crop failure apparently being due to the early defoliation and bud injury 
occurring in 1944. The amount of fluorine present on the leaves was found 
by washing them in a weak acid solution and determining the fluorine in the 

409 
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washings by chemical analysis. The range of fluorine found on leaves, taken 
at random through the fig and apricot orchards, was from 247 to 403 parts 
per million. 

Apricot leaf injur\' first appeared 2 to 3 weeks after the trees were in 
leaf. The first symptom was a wilting of tlie edges, which became piogres- 
sively more pronounced for about 10 days by which time the tissue was 
brown and dead. Tlie width of the injury varied from 1 to n of an inch, but 
except in the most sevei-e cases, a varying amount of normal tissue was noted 
along the central vein. Figure 1 shows the form of injury commonly noted. 
This type of injury was seen throughout the season. The growing tip of the 
shoot developed normally and only leaves almo.lt full grown were injured. 
The damage continued for two years, unchecked, until tlie plant was shut 



Fig. 1. Aprii'ot lonves. A. Leaf, injured by Huoriiit! d(‘])()sit, witli dead marginal 
are.as attached. B. Injured half from which dead areas have faJhm off. C. Normal 
leaf, not injured. 


down in August, PM4. Within three weeks following the closing of the 
plant new^ growth was normal and no injury to h'aves w^as 1‘ound ai'terw^ards. 
Similar injury to ajiricots was noted in a decreasing (h^gree for 8 miles to the 
w^indw^ard of the plant. The same type of injury \vas found on lilac, ceidain 
types of blackberry, roses, hydrangea, and a plniii tree. No injury was 
noted on the young peach orchard, although it adjoined the aluminum reduc¬ 
tion plant. The injury resulting from the fumes of the reduction plant is 
distinetly ditferent from boron injury as commonly r(‘])orted. The first 
symptom of boron injury is a Aveakened or dead terminal growth sometimes 
resulting in dead spikes. Contrasting with this type of injury, the fluorine 
damage to apricot was on mature or practically full grown leaves. The de¬ 
posit, probably solid particles with fluorine adsorbed, accumulated on the 
leaves for tw^o weeks or longer before pathological symptoms appeared. 
Injury was no doubt intensified by the lack of rain during the dry summer, 
as in a humid climate the deposit w^ould have been washed off by rain. 
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Suflicif'iit moisture was present, however, in the dew and fog to dissolve any 
form of soluble fluorine present. 

The presence of fluorijie in the fumes emanatinip^ from an aluminum 
reduction plant may result from a disturbance of equilibrium in the electro¬ 
lytic bath where the bauxite or feldsjmr ore is treated. A process commonly 
used in recovering alumina is to fill the pots with a mixture of cryolite 
(‘1 NaF ' AIF.5) and the aluminum ore. The cryolite is kept in a molten con¬ 
dition and the ore added at intervals. A disturbance of the balance between 
the fused cryolite and tlie aluminum ore results in freeing: a certain amount 
of fluorine which would la* released throu{i:h the stacks. The control of flue 
leases, includini? the released fluorine, is a practical method of avoiding such 
injury in fields adjoining reduction plants. 

San Francisco, California. 



SEASONAL CHANGES IN BIOLOGICAL EQUILIBRIA INVOLVING 
TWO CHONDRIOSOMAL SYSTEMS IN 
VARIEGATED HOSTA 

M . W . W () O I) S 1 A X I) J1 . (5 . I) IT 1^ I; Y 2 

(Ac(*oj>ti‘d for |mhIi<*atioii March 1-, 

Blast ids are kiioMii to liav(‘ certaiii properties of living’ organisms (5, 
7, 9). They arise only from pre-existing plastids or plastid-forming mito¬ 
chondria, mnltiply by fission, and have a definite heredity (5, 7, 9). It has 
been observed that mutated ])iastids ai’c tlu^ cause of certain types of leaf 
variegation (7, 9, 12). Recently it lias been further shown that these abnor¬ 
mal plastids have an effect on the cells that contain them which is in ('crtain 
respects remarkably virus-like (11). Thus \'ariegation-inducing plastids 
(hereafter the abbreviation vi- will be used) by their presence in the cell 
lead to characteristii* changes in the development and function of the normal 
plastids, cell maturation, and cell metabolism (11). Furthermore observed 
gradations in structural com})lexity and [lathogenic action of the r’/-plastids 
in a large number of variegations have suggested more than superficial simi¬ 
larities between variegations of plastid origin, and those due to certain types 
of viruses (2, 11). Demonstration of ribosenu(deoproteiu in virus-free plas¬ 
tids (2), confirming observations by Menke (8), furnishes a probable chemi¬ 
cal basis for the theoretical heredity-controlling plastogene of Imai (7). 

In the origination of variegation it seems i)robable that tlie initial muta¬ 
tion would in most cases o(‘cur in a single |»lastid or mitochondrium. In any 
case the establishment of variegation recpiires that the mutated plastid- 
forming mitochondria be able to multiply in tin* ])resen(*e of the normal or 
parent plastidome. Field observations of a ])lastid-induced variegation in 
Hosta revealed that a seasonal masking of symf)toms occurred whi(*h was in 
many respects strikingly like seasonal masking of symptoms in (rertain virus 
diseases. Because of the jireviously demonstrated similarities in cellular 
pathology iu plastid-induced variegations, and certain virus diseases (11), 
this behavior of variegated Hosfa was of special interest. Furthermore the 
material seemed favorable for a study of factors which modify the quanti¬ 
tative relationships between the two plastid systems of a variegated plant 
during leaf development. Tlie present pai)er reports residts of such a study. 

MATERIALS AND METHODS 

A white, variegated clone of Hosfa japonica Asch. and Graeb. (Fig. 1) 
was grown out of doors or forced in the greenhouse during winter. Material 
for cytologi(»al examination was fixed by aspiration in freshly prepared 
neutral iormalin solution (10 ml. of a fresh distillate of a mixture of 37 per 
(?ent formaldehyde and an excess of NalKX), added to 90 ml. of water) and 

1 Department of Botan.Y, University of Maryland, College Park, Maryland. 

2 Industrial Hygiene Keseareli Laboratory, National Institute of Health, U. 8. Public 
Health Service, Bethesda, Maryland. 
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examined without soetioniujLr. Somt* preparations were kept for later obser¬ 
vation by rei)lacinf*: the fornialin solution with 10 j)er eent ^lyeerine. While 
seetioned material was used, nmeh better results eoidd be obtained with the 
intact leaf. Yasui (12) employed a similar technic with variefiated Hosta. 


MA(JUOS(X)PlC SYMPTOMS OF VAltlEOATION 

Symptoms of variejration ranjred from a uniform secdorial ])attern to a 
hijzhly irre^rular mosaic of variegated and iiormal-appearinfi: tissues (Fif?. 



:E1(}. 1. Vnrie^^attHi Jio,<ta Japonim AscVi. and Oraeb. A. Three symptoni patterns 
ill leaves formed in spring or earlv summer. Left to right: sectorial, sectoiial-mosaic 
with green veins, liighlv irregular mosaic. B. Influence ot temperature on s>in])tom pat¬ 
tern. Oldest leaves (green) ; developed in warm greimhonsi*, intermediate leaves (vjirie- 
gated strongly) ; developed in cool greenhouse, youngest leav(‘s (greim) ; d(‘veloped outside 
during sumnuM-. 


1. A). Tlipst' ])iit1crns are due to the distrihutiou of i'(-i)lastid.s whieli are 
without visible piiLnueutatiou and distinctly smaller than Oie sireen ])lastuls 
(Pi)'. 2). The eontrast Ix'tween the two types of plastids is always inai-kcd, 
and heteroehondrie cells (eells eontaining both ty]»es of plastids) are readily 
distinguished (Pigs. 2 and :i). A somewhat similar variegation in Hosfa 
has been deseribe.l by Yasui (12). She noted that the median longitudinal 
parts of leaves formed in the spring were yellow wbereas summer leaves were 
greenish yellow. Her eytologieal deseriidions, in so far as they cover the 
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same ground, are in essential agreement with ours. In our clone of varie¬ 
gated Hosia, leaves formed early in the growing season were strongly 
variegated whereas leaves formed during the summer were successively less 
variegated until some of them appeared macroscopically free of variegation. 
However, leaves formed in Sexdember were often almost as strongly varie¬ 
gated as those formed during the spring. Plants forced from January to 
March, in a greenhouse held at temperatures approximating those of mid¬ 
summer, developed leaves with strongly masked variegation (Fig. 1, B). 
Leaves developed in a cooler greenhouse on the other hand were strongly 



Pig. 2. Four colls from a young summer leaf (July 7) of varicgatexl llosUi japonica 
Ascii, and Graeb. These cells ocurred in one of very restricted areas with visitde 
symptoms of variegation. 11, heterochoiidric cell (variegation Inducing plastid labeled 
vi') • Ho\, homochoiidric variigated cell; TToN, honiochondric uonnal cell. (Ainirox. 
700 x.) * 

variegated. It should be emphasized tliat throughout llie stmsoii no cliange 
in the symptom iiattern of leaves already formed was observed. The mask¬ 
ing of variegation apparently took place during leaf ontogeny. 

The mesophyll immediately adjcicent to the Vcisi'ular tissues sometimes 
remained green although the iiiterv’’eiual tissu<‘s were nearly or completely 
while (big. 1, A). Microseopi(*al examinations Ihrougliout the growing sea¬ 
son demonstrated the cytologieal basis for these v'ariatioiis in symptoms of 
variegation. 

CYTOLOGY OF VARIEGATED TISSUES 

Totally variegated areas occurred extensively in spring and early sum¬ 
mer lea\es. Most cells in such areas contained only variegation-inducing 
{vi-) plastids. Spring leaves with clear-cut sectorial variegation (Fig. 1, A) 
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were characterized by a preponderance of cells containing only one type of 
plastid with sharp boundaries between green and white tissues (Pig. 3, C) 
whereas spring leaves with the irregular mosaic: variegation (Pig. 1, A) con¬ 
tained many heterochoiidric cells (Pig. 3, A and E). In the latter, 7;/-plas- 
tids tended to predominate. As the season j)rogressed, successively formed 
leaves contained variegated areas which were more and more suffused with 
green. Microscopically this was paralleled by a gradual increase of normal 



Fig. .3. riiotomicrograrlis of uiistaiiiod and iinsection(‘d leaves of vanegaUHl Ho-sta. 
A. Hoteroehoiidrie and lionioeliondric variegated <-ens adjaeeiit to lionioedioiidne norinal 
area in .si)ring leaf. B. Heteroeliondrie area in sninmor leaf. C. Abrupt transition 
betw(^cn hoinochondrie varii‘gat(‘d and norinal cells of spring leaf. 1). Heteroeliondrie 
cells of summer leaf. E. Heterochoiidrie cells of spring leaf ( ri. plastids in 1) and E 
labeled—ri, normal type—N). (Magnitieatioiis: A and B, approx. 140; C, D, and L, 
approx. 900.) 


plastids in the abundantly occurring heterochondric cells (big. 3, B and D). 
This decrease in the number of the t;/-plastids resulted in the foimation of 
large numbers of cells which were free of r/-pla.stids or contained only a few 
(Pig. 4). This constituted a reversal of the behavior noted eaidicr in the 
season. Yasui (12) attributed the deepening of green color in summer 
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leaves to a {growth in size rather than to a eliaiij^e in number or growth rate 
of normal type plastids in cells with both types of plastids (heterochondrie 
cells). This, however, does not explain the phenomena observed in our 
material. We did find the plastids of old normal leaves to be much larger 



SEASON DURING WHICH LEAF MATURED 

Fig. 4. liitiueiice of season on (ievolojnneiit of variegation in /fosta japonica Ascii, 
and Graob. A. Approximate percentage of total leaf area varicgateil. U. Average 
percentage of a normal green plastid complennmt in lieterocbondric cells in measured art^a 
(20-25 cells counted). 0. Percentage of cells in measured area (of 100 or more cells) 
that were apparently liomochondric normal. 1). Percentage of cells in measured area 
that were homochondric variegated. One tvyiical leaf rei>resentative of each season was 
selected for each set of measurements. 
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than those of young leaves. Similarly the green plastids of heterochondric 
cells become abnormally large (2 to 4 times) on aging of the tissues (Fig. 3). 
These changes in size, however, did not account for the seasonal or high tem¬ 
perature masking, which is due to an increase both in the number of normal 
type green plastids in the lieteroehondric cells (Fig. 3, B) and in the number 
of mature, apparently normal cells (Fig. 4). Some leaves formed during 
summer appeared macroscopically free of variegation. However, on micro¬ 
scopical examination occasional cells with only one or tw^o i;^-plastids could 
always be found in addition to cells in which only normal plastids could be 
found. In no case was there evidence of plastids of intermediate type. With 
the reappearance of variegation in September and October many hetero¬ 
chondric cells with lai'ge numbers of t^eplastids were again observed. Some 
leaves had large areas of totally variegated cells only. 

Cytological examination has shown that there is a tendency for the tis¬ 
sues along the veins occasionally to remain green. Apparently in hetero¬ 
chondric cells close to tlu; vascular tissues conditions are more favorable for 
the developmejit of normal plastids than for the vi-type. Often a rough 
gradation in the number o1* m*-plaslids in the mesophyll cells adjacent to the 
veins w'as observed. Thus (^ells located close to vascular elements appeared 
either normal or liad very few iu‘-plastids, whereas cells further removed 
from tlie veins had progressively more tu-plastids until homochondric varie¬ 
gated cells occurred mid-way between adjacent veins. The small secondary 
veins sometimes exerted an influence of a similar nature on the mesoi)hyil 
(Fig. 1, A). Spring leaves with clear-cut sectorial variegation (Pig. 1, A) 
wTre characterized by a ])reponderance of homochondric cells, both normal 
and variegated (Fig. 3, A). In leaves of this type there was often little or 
no observable influence of the veins on cells of tin* white ai'cas of the leaves. 
The distribution pattern ot the r/-plastids. e.specialj\' the manner in which 
the veins limit variegated areas, is suggestive of limited intercellular migra¬ 
tion of t’/-plastid forming mitochondria dui'ing certain stages of leaf on¬ 
togeny as previously noted in other variegations (13). How^ever, proof of 
such migration must await further work. 

DISCUSSION 

These studies eiiifiliasize the importance of both the external environment 
(e.r/., temperature) and the internal environment (c.r/., vascular influences) 
on tlie quantitative relationships between the variegation-inducing and nor¬ 
mal plastid systems of the cell. The results allow the conclusion that these 
relationships are in the nature of a biological equilibrium between the cell 
and the two plastid systems, although the precise nature of this balance 
remains to be determined. Tliese relationships may be compared w-ith the 
interactions that exist betw^een a virus and a normal chondriosomal system 
of an infected cell (10). The interference with the development of the plas¬ 
tids characteristic of certain viruses is well kiiowm (11). Since plastids can 
be considered specialized mitochondria (5) the results might be suggestive 
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of an api)roaeh to a j>:i-oup of animal neoi)lastic diseases Avhere the existence 
of similar systems in the cell has been postulated (1, 3, 4, 6). 

SUMMAHY 

White variegated areas of Hosta japonica Asch. ajid Graeb. were dne to 
the presence of colorless i)lastids which, under certain conditions, multiplied 
at rat(^s different from tlie normal plastids in cells which contained both 
types (heterochondric cells). 

In leaves formed in spring or autumn the variegatioii-inducin^* phistids 
apparently suppressed the multiplication of the normal plastids in hetero¬ 
chondric cells and the leaves were strono*ly vaine^ated. Tlie reverse was true 
during* sununer when ‘‘masking^’ of symptoms (x'.curred in successively 
formed leaves. 

The vascular tissues of the leaf exerted an influence on adjacent meso- 
])hyll of su(‘h a nature that multiplication of normal plastids freipu'ntly 
seemed to 0 (‘(*ur at the ex])ense of the r/-plastids in heterochondric cells 
regardless of season. 

The bearing of these results on cancer and virus problems is discussed. 
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PHYTOPATHOLOGICAL NOTES 


Flag Synut of Wheat in Mexico. —^PJa*^ smut of wheat, caused by lJro~ 
cystis iritici Koern., JuivS never been reported from Mexico prior to 1945. It 
was first encountered in the re<?ion of Zitacuaro, State of Michoacan, on April 
27,1945, and appeared to be distributed throughout a number of fields lying 
within an area of api)roximately 10 square miles. 

Circumstantial evidence indicates that tlie causal organism was brought 
into Mexico on wheat imi)orled from Australia. This wheat was destined for 
milling, but evidently some found its way into the liands of growers and was 
used I'or seed. It is j)ossible that other diseased fields existed during the 
current year in otiier parts of tlie Republic, but no positive evidence was 
obtained outside of Michoacan. 

Tiie Direccibn (leneral de Agricultnra, Secretaria de Agricultura y 
Eomento, carried on an e]‘adi(*ati(»n camj)aigu in the Zitacuaro area, and a 
(piarantine has been established to prevent tlie movement of seed wiieat from 
this area, to otlier rv'gious. A cam]>aign of seed treatment has also been 
begun as an aid in preventing tlie establishment of flag smut. 

The vast majority of the wheats grown in Mexico are susceptible to flag 
smut. In the event that the eradication campaign is unsuccessful and the 
disease becomes wtil established Avitliin the country, it will be necessary to 
begiji a, firogram of int rodindion aiul breeding for the ultimate selection of 

r(‘sistant varieties..-N. E. Boulauu, d. C. IIaruau, and E. C. Stakman, The 

Rockefeller Foundation, Mexico I). F. 

The Effect of Depth of Planting on the Emergence and Survival of Blue 
Lupine. —Ojie of the most serious troubles in the growing of blue Lupine 
(Lupinus angustifolins L.) as a. Avinter cover crop in Florida is the Joss of 
[)lants in the seedling stage. After the plants attain a height of 6 to 8 inches, 
fcAV fail to.grow to juaturity. Among the organisms isolated from the dead 
or dying plants, Rhhoctonia spp. far outnumher all others. The liost-para- 
site relationship and the i'actors aftVeting this relationship are not fully 
understood. Howev('r, it hiis been observed that fewer plants are lost AAdien 
coiiditions favor (juick ernergeiice and rai)id growth of the Lupine seedlings. 
Oiu* factor atrecting the rapidity of emergence and sid)sequent groAvth is the 
depth of pi an til ig. 

In an attempt to cAaluate the effects of the depth of planting on losses 
from disease, field soil Avas taken from the surface three inches and put into 
flats. Sixteen flats Avere pi-epared and moved into the greenhouse, Avliere 
200 blue Lupine seeds were planted in eacli flat. In 8 of the flats, the seeds 
were planted one incli deep Avhile in the remaining 8 flats the seeds were 
planted two inches deep. FIa c days atter planting 94.1 per cent of the seeds 
planted one inch deep had emerged; the peak of emergence of 54./ per cent 
for the deeper planting Avas recorded 10 days after planting. A photograph 
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taken 14 days after planting demonstrates the difference between the two 
deptJis of planting in the stand and growth of the seedling plants (Fig. 1). 

Some plants were killed by Rhizocionia in all j)!antings: in the shallow 
plantings, the seedlings were killed in small localized areas, while only a few 
scattered plants escaped in the deeper i)lantings. Twenty-one days after 



Fig. 1. Blue Lupine plants sliovvinj^ the effect of depth of planting upon stand and 
growth of seedling plants. Lcff't, seeds planted 1 inch deep. Eight, seeds planted 2 inches 
deep. 


planting, when the plants in tlie shallow' plantings had attained an average 
height of 8 inches, 70.7 iier cent of these plants appeared healthy, wdiile only 
6.5 per cent of the xilantK in the deeper plantings w^ere alive.— Phaker 
Decker, Florida Agriculture Exi^eriment Station. 

A Type of Internal Necrosis of the Potato Tuber Caused by PsyUids .— 
Manson and Sanford are reported to have found in Canada an internal 
necrosis of the potato tuber caused by the tomato psyllid.^ In a recent study 
of spindling sprout in the White Iiose potato'-’ an opportunity w'as afforded 
to examine for internal symptoms several dozen tubers from plants arti¬ 
ficially infested wdth psyllids. The tubers liad been stored at room tempera¬ 
ture for about 6 months and either had produced spindling sprouts or failed 
to sprout at all. On cutting, all these tubers had a characteristic discolor¬ 
ation in the vicinity of the smaller vascular elernentvS. A similar number of 
control tubers from noninfested plants w'erc* free from internal necrosis. 
The discoloration extended throughout the length of the tuber but was some¬ 
what more prominent at the stem end. On closer examination the discolor¬ 
ation was found to be due to diseontinuous dark flecks (Fig. 1, A) rather 
iiniformh/ distributed in cross section from the main vascular ring to near 
the center of the tuber. In early stages under magnification an irregular 
black and white pattern was evident within the flecks. With still higher 
magnification the cells were seen to contain dark bodies irregular in size, and 
amorphous to smooth and splierieal in appearance. (Fig. 1, B). In later 
stages, the flecks became more readily discernible macroscopically because 

1 Sanford, G. B., and J. G. Grimblc. Observations on phloem necrosis of potato 

tubers. Canad. Jour. Bes. 22: 162-170. 1944. ^ 

2 Snyder, W. C., H. E. Thomas, and S. J. Fairchild. Spindling or hair sprout of 

potato. Phytopath. 36: (In ])ress). 1946. ^ 
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of the brownish cast due to cell necrosis, but they lost the characteristic, 
discrete, dark, intracellular bodies. 

It is hoped that the distribution of the flecks and their distinctive micro¬ 
scopic appearance will prove to be of diagnostic value for psyllid yellows 
where this type of internal necrosis of the tuber occurs. 

In other experiments in which spindling sprout was induced by infesting 
the mother plant with psyllids, internal necrosis was not observed. How¬ 
ever, in these instances either the amount of toxin taken up by the tubers 



Fig. 1. Iiitenial necrosis of potato tnbers from ])syUid-infested plants. A, longi¬ 
tudinal and cross sections of alTected tubers. B, detail of one of the flecks in A, before 
complete necrosis, to show several t»f the dark, intracellular bodies, 180 x (photograph by 
Cntheriuo Roberts). 

may have been less or the tubers may not have been held in storage for a 
sufficiently long time. 

Our evidence does indicate that the kind of internal necrosis illustrated 
in figure 1 may occur, like spindling sprout, as a symptom of psyllid yellows 
when tubers produced on heavily infested plants are held in storage.— Wil¬ 
liam C. Snyder, II. Earl Thomas, and S. J. Fairchild, Division of Plant 
Pathology, University of California, Berkeley, Calilornia, and Mettler 
Research Laboratory, Santa Maria, California. 

Spermogonia versus Pycnidia in Mycosphaerella hrassicicola. —A pyc- 
nidial stage of Mycosphaerella hrassicicola (Fr.) Lindau has long been 
accepted, with the aseigeroiis stage, as a cause of infection and spread of the 
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ring'spot disease of crucifers. The so-called pyciiidial stage occurs abun¬ 
dantly and universally in alfected plantings, and has been referred to as a 
Phyllosticta.^ While making a survey of cruciferous crops for diseases^* ^ it 
was observed that ringspot lesions were always evenly spaced and distributed 
over the affected leaf at random (Fig. 1, A) in a manner expected only where 
the inoculum is wind-borne. Moreover, no instances were found where sec¬ 
ondary lesions were grouped about primaiy lesions in the type of tear-stain 
infection usually obtained from water-borne inoculum, siicli as is the case 
with the Phorna and Alternaria leaf spots of criicil‘ers. Yet it is the arrange- 
ment of great numbers of the so-called pytpiidia, and later of perithecia, in 
each lesion in concentric circles, which is largely res|)onsible for the charac¬ 
teristic symptom and name of the disease. 

In the winter of 1945, an examination of numerous infected, living leaves 
of diseased cabbage plants from the field showed the presence of pycnidinm- 
like bodies and pycnidinm-like ooze Avhich corresponded to that previously 
des(iribed for the pyenidial stage.'^ Sotno ol‘ the ooze was collected and 
mixed with an ascospore suspension prepared from iierithecia produced on 
dead, infected leaves found on the ground beneath diseased plants. This 
mixed suspension was placed on potato-d(‘xtrose. cornmeal, oatmeal, and 
water agars and incubated botli at room temperature, and out-of-doors at 
Berkeley in winter. Drojis of the mixed suspension were also placed on glass 
slides, with and without bits of healthy cabbage leaves, and on healthy leaves, 
in moist chambers, under both environments. In all cases germination of 
the ascospores Avas obtained AAuthin 24 liours (Fig. I, B) but none of the so- 
called pycnospores produced any growth in 7 days. Weimer also re|)orted 
failure to germinate the f)ycnosporcs. Furthermore his illustrations of 
symptoms shoAv oidy evenly spaced lesions. 

Twenty inoculations of detached cabbage leaACs Avere maile Avith asco¬ 
spores and tAventj^ Avitii the ooze referred to above. Typical ringS])ot Avas 
obtained only A\dierc the as(U)Sj)ore im)culum Avas used, and only where the 
leaves Avere incubated out-of-doors. 

TAA^enty single-spore cultures were made from ascosj)ores, and 20 cultures 
from ooze, on potato-dextrose, cornmeal, and oatmeal agars, and placed out- 
of-doors. None of the cidtui'cs pre])ared from tlie ooze grcAV, Avhereas all of 
the single ascospore transfers developed into colonies, and all ]>rodueed in 
time the so-called pycnidia, and ooze. Moreover, all the cidtures on corn¬ 
meal agar produced, in addition, mature perithecia. It is believed this is 
the first time this fungus has been carried through its complete life-cycle in 
culture.. Since these Avere single ascospore cidtur(‘s, MycospJiacreUa hrassi- 
cicola is obviously a homothallic fungus. 

1 McAIpiiie, J). Fungus disuaso.s of cabbage and cauliflower in Victoria, and tludr 

treatliiont. victoria Dept. Agr. Unnumbered linl. .-18]). 1901. 

2 Hnydcr, W. C., and K. P. Baker. TUseast^s of seed cabbage in California. IJ. S. 

Dept. Agr., PI. Dis. Rcptr. 27: 394-398. 1943. 

^ Snyder, W. C., and K. F. Baker. Diseases of seed cauliflower in California. IT. S. 
Dc])t. Agr., PI. Dis. Eeptr. 29: 248-253. 1945. 

4 Weimer, J. L. Ringspot of crncifcrs caused by Mitcospliacrclla 'brassicicola (Fr.) 
Lindan, Jonr. Agr. Hcs. [XJ.S.] 32: 97-132. 1926. 
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1. A. Cjibbji^o loaf naturally infocted with riugspot. B. Gerniinatod asco- 
spores and iniy:orminate(i sperinatia, in water, after 24 hours, 575 x. 


Because of the failure of the so-called pycnosporcs to germinate or grow 
in or on various nn'dia, or to produce infection on cabbage under conditions 
favorable to ascospore growth and infection, and because of their character- 
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istic small size and appearance it is concluded that they are not pycnospoi'es 
but spermatia. Correspondingly, the structures which produce them should 
be called spermogonia, not pycnidia. This interpretation would explain the 
lack of any tear-stain secondary infection on infected leaves in the field. 
It is, then, the concentric rings of spermogonia on the infected foliage which 
give ringspot its characteristic appearance. There are probably other dis¬ 
eases in which a spermatial stage similarly has been taken to be a conidial 
stage of the pathogen. 

Recognition of the fact that Mycosphaerella hrassicicola is a homothallic 
fungus possessing only one infectious (ascigerous) stage, spermogonia, and 
no conidia, indicates that dissemination is by&neans of wind not water. This 
bears directly upon a correct interpretation of the disease cycle of ringspot, 
and upon its control.— William C. Snyder, Division of Plant Pathology, 
University of California, Berkeley, California. 



BOOK REVIEW 


Anna Weber og Chr. Stapel: BeJcaempeUe af Havcplanternes sygdomme, Kortfaitedey 
prdktislce Anvisninger. 11. for0gede og omarbejdcde Udgave. Aim. Dansk Gartner- 
forening. 1944. (Control of diseases of garden crops. Short practical instructions. 
Hth increased and revised edition, by the Danish Horticultural Association, 1944.) 
Everyone who ever has set about to write short practical instructions on the control 
of plant diseases knows the difficulties to bo faced. One cannot expect an average farmer 
or gardener to know much about phytopathology, therefore one must give as detailed in¬ 
structions as possible. On the other hand, these must be concise and not too much bur¬ 
dened with theory. The matter must be treated completely, but should not contain mate¬ 
rials that are not essential for the practical man. It is not easy to find the right way 
between theory and practice. 

Since this book has reached its 11th edition in 34 years, with more than 70,000 copies, 
and is known everywhere in Denmark as the “green book,one can presume that the 
authors have found this right way. And I dare say this little book is really an example 
of comx>leteness, clearness, conciseness, and the right selection of subjects. 

The book is divided into 4 parts. The first deaLs with diseases and insect jiests 
occurring on many plants (32 pages, 02 alphabetically arranged paragraphs). In the 
second part the sjiocial in juries of the individual horticultural plants are dealt with in 
alphabetical order of the host fdants (115 pages, 417 jiaragraphs). For each plant a first 
paragraph gives general iiuslructioiis on sanitation, then the individual injuries follow in 
alphabetically arranged paragraphs. The third part contains a survey of the methods of 
control: cleaning, fertilizing, soil disinfection, seed dressing, dusting, spraying, fumi¬ 
gating, weed control, public control measures, import and export legislation, and com¬ 
pensation (14 pag(‘s, 11 paragraphs). In the fourth part (27 pages), finally, there follows 
an alphabetical survey of the fungicides and insecticides (41 paragraphs), the universal, 
Danish, English, and American measures and wi.dghts, some important addresses, and an 
alphabetical index. 

The attention of ])hytopathologisls all over the world is called not only to this indi¬ 
vidual book, but to all the practical liooks edited by workers in the Danish Plant Protec¬ 
tion 8orvicc. There is no doulit that they are some of the best works dealing with the 
practical brnncli of our science. Unfortunat(dy, the Danish language is little known, and 
this seems to have prevented their more universal use. Rut this should not be too serious 
an impediment; everyone who can read English and Germ.an will be able to make use of 
a Danish book, this language being somewhat intermediate between the two last named. 
And the little difficulty to be faced will be greatly rewarded in this case. Even those 
who may not read the Danish t(‘xt will look at thc.se books with great advantage, as they 
contain a gr(‘at number of illustrations of an unsurpassed quality. 

The following books also deal Avith the phytopathological and entomological sides of 
practical plant protection: S. Ro.strup and M. Thomsen: Vort Landbrugs Skadedyr 
(Pests of our agricultural crops), 4th edition, Copenhagen, 1928; M. Thomsen and P. 
Rovien: Haveplanterncs Skadedyr (Pest.s of horticultural crops), Copenhagen, 1933; 
E. Gram and V. Rovien : Kodfrngternes Sygdomme og Skadedyr (Diseases and pests of 
root crops), Copenhagen, 1943; Chr. Stapel and P. Rovien: Mark-Frdafgrddernes 
Sygdomme og Skadedyr (Diseases and pests of seed-producing crops), Copenhagen, 1943. 
—H. Bremer, Central Institute of Plant Protection, Ankara, Turkey. 
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JAMES ROBERT WEIR 
1881-194J 

*) O 11 N A . S T K V K N S O N 

eJanies Robert A\eir was born May ‘M, 1881, on a i’arni near Scottsbnrji, 
Indiana, and at bis own re(|uest was buried there, followiiijj: death from a 
cerebral hemorrhaj’e on June 1, 194J. Dr. Weir was a des(*eu(lant of Scott ish 
immigrants, who (‘ame to tln‘ Ohio Valley from tlie Oarolinas by way of 
Tennessee. As a farm boy he early bet'ame interested in the wild life about 
liim, botli ])lant and animal, and even prepared a manuscript treatise on 
“The natural history of Scott County’’ at tlie tender aj^e of ten, althon-h 
few })ooks except an early edition of AVood’s Botany and Dana^s Geology 
were available to him. He p-aduated from the Scottsburo* Hioh Seliool in 
1900 and then attended the ITniversity of Indiana for several terms. 

A\ anderlust ovtn*takinji‘ him, he worked for a time with forest suiAey 
})arties in Alabama and Tennessee, takin<>; part in some of the early recon- 
naisance surveys eima^icd in pi‘ej>arinji- foi’est working* plans for the then 
Bnr(‘au of Forest ?*y. Betwe(‘n seasons he matrienlated at Purdue University 
as a s])ecial student, ])nrsijing* courses in botany under the noted botanists 
Stanley (Joulter and J. (\ Arthur. He finally returned to Indiana Univer¬ 
sity wlieri* he remaiiuHl until gratluation in 1907 with an A.B. degree in 
l)otaiy\'. 

He began his ])rofessional earee)* as instructor in biology and chemistry 
at Culver Militaiw Academy, starving iji that capacity for two years. Tiie 
s|)ring of 1909 found him rambling* througli Central Europe botanizing* and 
studying* Frein-h and German. He entered the University of Munich in the 
fall, studying* luuler Goebel in botany, Tubeuf in forest pathology, and 
Hertwig* in zoology and receiving the Pli.D. degree in May, 1911. His doc¬ 
toral dissertation dealt with the genus Copriiiu>i in its morphological and 
p 1 1 y s i 0 logic a 1 as j)ect s. 

Returning short1\* thereafter to the United States, he almost iinmediately 
a(*eei)ted a positio]i as for(*st pathologist Avith the Office of Forest Pathology, 
Bureau of Plant Industry, V. S. I)e|)artment of Agriculture. During the 
ensuing* ten yeai-s, in coo])eration with the United States Forest Service, he 
carried on pioneer in\*estigations Avith forest tree diseases in the forests of 
the NortliAvest. His headquarters, oi*iginally at Missoula, Montana, Avcre 
later transferred to S|><>kaue, AAashington, a number ot years before his 
transfer to AVashington, D. C.. in 1921. 

During this time—a fi'uitfni period iji his career—he published betAveen 
70 and 80 notes, bulhdins, rei)or1s, and miscellaneous i)apers covering the 
results of his obsei-vations and researches on tlie problems encountered in his 
field. These papers, many (;f them in collaboration Avith his associate, E. E. 
Hubert, and some Avith the heli> of Annie Rathbun-Gravatt and Arthur S. 
Rhoads, covered a, wide range of forest mA (‘ology and pathology, including 
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descriptions of new fungi fonud associated with tree diseases, records of 
forest tree disease surveys, studies of Avood-rotting fungi, and life history 
studies of tree rusts and other forest fungi. EsiAeeially noteAvorthy were 
Ids extensive studies of tlie mistletoe parasites (the genus Rmoumofskya) 



.IAME« ROBERT AVEIR 
18S1-194;! 


of the forest trees of the Northwest. He gave particular attention to the 
development of methods of prevention ami <‘onti-ol of tree diseases as part of 
standard forest management practices. An indefatigable collector, he built 
Aip in the course of his Avork a comprehensive lierbarium of fungi, including 
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not only those eiu'oujitered in tlie forests tliroujili wliieli lie worked, but a 
va-lnal)le series obtained by exeliaiijie with niyeologists thronj^hout the WH>rld. 
This colleetion, notably rieh in the Polyporaceae and other wood-inhabiting* 
Hyinenomycetes, now forms part of the niyeolojrieal eolleetions of the Bnreaii 
of Plant Industry. 

With the elosiiio- of the Spokane laboratory in 1921, Dr. Weir came to 
A\ ashin|»:ton to write up tljat portion of his work remaining* nnpnblishecl and 
was then transferred (1923) to assume charofe of the myeolo^ical collections 
of the Bureau. His work with this unit was interriiptefl by extensive field 
trips. 

Dnrinjjf 1923 as patliolo^ist, lie was a meniher of the joint expedition of 
the Departments ol Aj|iricnltnre and Coinnien'e to study the rubber produc¬ 
tion possibilities of the Amazon Valley of Brazil and Bolivia. Durinj^’ the 
('ourse of this work a vei*y lar^n* and important collecUion of fnnoi was made, 
includinji* not only tliose concerned with diseases of Hina, but all that he 
('onld find cansinji' timber rot and disease of ecouomii' trees in the area 
coN'cred. A comprehensi^'e puldication coverinji* all known Hevaa diseases 
and fungi resulted from this work. Following* this expedition he travelled 
extensively in Argentina, Ihiragnay, Chile, and the West Indies, continning 
intensive studies of diseases of trojvical plants. Before resuming* his work 
in Washington he spent two months in Cuba with the Sugar Experiment 
Station of the Ti*o]>ical Plant Researcli Foundation Avhere attention Avas 
given to sugar-cane-dis(‘ase res(‘arch and the jiossibilities of (ontrolling 
marabu, a leguminous Aveed tree. 

Early in 1927, the then inwvly <n*ganizetl Tiiibher Research TnstituU* of 
]\Ialaya. invited Dr, Weir to join the staff as Head ot' the Department of Plant 
Ihitliology at Kuala Lum|)ur. Here lie spent tAvo years organizing Avork in 
his field. There follo\M‘d a period of service as Director of* the Plant Researcdi 
DejiartiiHMit of the (loodycar Rubber Plantations Co,, Sumatra, Dutch East 
Indies. AVith broadened interests lie established new sihicultural manage¬ 
ment jiractices foi* rubber lands, ami studied iminoved tapping methods 
rather than confining his efforts to the pnri'ly pathological aspects of the 
cro|) as h(' liad doin', ])t*ivforce, Avhile working in Malaya. He took an active 
jiart in the Company’s program of planting 40,000 acres of budded, higli- 
yielding clones on its new AVingfoot Estate and investigated other tropical 
crops iinduding tea, tobac co, coffee, sisal, and Manila hemp. 

Returning to America late in 1932, ])lanning to resume his studies in the 
taxonomy of the fungi, lie Avas soon back in ti-opical harness with the Ford 
Motor (k)., as an agricuiltnral adA isor of tliis concern on its Fordlandia and 
Belterra plantations along the Tapajoz River, a tributary of the Amazon. 
Here he found tliat extensive' plantings had been made by transplanting aa ild 
seedlings without considc*i*atiou tor disease resistance or yield possibilities. 
His experience in the Orii'ut had demonstrated cleai’ly that Avhereas, “run 
of the mine'' seedlings Avould Aield only from 200 to 400 pounds per aeu'c 
per year, selected clones Avitli Avhieh lie had worked Avould produce 700 
pounds and even as liigh as 1500 pounds or more. 
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So AvitJon a few inootlis he was baek in the East Indies, buying’ selected 
plants of Ilevea budded from the elioieest hi«‘li-yieldin{j: clones. Two thon- 
sand plants were finally secui*ed, making' a shii)inent of several tons in 
weiglit, all packed in s])ecia]Jy built wardian cases and transshipped to Brazil 
v'ith much care. He finally sailed up the Amazon and the Tapajoz with this 
material in the spring of 1934, some 58 years after Sir Henry Wickham had 
sailed down the same Rivers with his history-making collection of Ilcvva 
seed. It is of further interest to note that the Belterra plantation lies just 
across the Tapajoz River from the town of Boiiq, near which Wickham col¬ 
lected his seed. Some 1200 of Weirds |)lants survived in the nursery (>f 
Belterra to form the basis of subsecjuent large scale field plantings. And 
soon thereafter the International Rubber Committee in Singapore ‘Mocked 
the stable’’ by an order forbidding export of Hevea |>lanting material in any 
form from ten*itc)ry under its control! 

EoHowing his service Avith tiie Ford Co., which terminated in Marcli, 
1938, Dr. Weir travelled extensiA’cly in Brazil and other countries of South 
and Central Americ'a with rubber-producing ])Ossibilities, studying Hcvra 
cultivation and dis(‘ases and other complementary c*ro]) plants. During the 
years 1940-41 he Avas agricultural ach isor to thc' Government of Venezuela 
Avith particular attention to inctfeased rubber irroductioii. Deatli found him 
liA'ing quietly in retirement on the old home farm. 

Dr. Weir Avas a member of many technical organizations during his active 
career in forest pathology, among whic'h Avere tlie American Phytopathologi- 
cal Society, American Assoc-iation for the Advanemnent of S(dence, Botanicoil 
Society of Amei'ica, Society of American Pc)rc\sters, Torrey Botanical Club, 
Ecological Society oi' Americ'a, and American Genetic Association. 
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LY(4US BUG INJUIIY OF LIMA BEAN IN CAIAPORNIA 

K K N N K T n r . B A K K K , W I L L I A M 0 . S X Y D E R . 

A K D A . H . TT O li L A N I) 1 

(for publicatioji February 19, 194G ) 

1 here oeeiirs eominoniy in C«litV>niia a. necrotic pittini^ of seeds oF Jima 

beaii and l)la(*keye ('ow])ea avIjIcIi (dosely resembJes the yeast spot reported 

in patliol()^i(*al lileratni*(‘ exce])t for tlie fact that no patho<i*en occurs in the 
l(‘sions. Evidence is presented in tliis |)aper that the injury in California 
results Ironi tJje leedin^- ol Lyi»-us on the developinji’ seed, substantiating!: 
an earlier note (2). 

Large and baby lijiia beans and blackeye cowpeas in Ventura, Merced, 
San Joa(juin, and Stanislaus counties and large liinas in Orange and Los 
Angeles eoiuJties cominonly lia\'e this trouble, and it also is said by W. W. 
Mac'kie to (x'cur on cov|)eas in Iin|)ei*ial County. It is referred to by growei’s 
and ship|)e]*s as yeast spot, aphid spot, seed puncture, seed pitting, or 
diinjdiiig. Nearly the entire di*y large and baby lima crop of the United 
States (98.4 p(‘r cent in the period, 1934-48) is grown in California on about 
15(),()()() acres of land in A>ntuJ*a. Orange, Merced, San Joaxtuin, Stanislaius, 
San Diego, Los Angeles, and Santa Barbara counties. Green limas for fresh 
market and f]-(*ezing are grown to a less extent in Los Angeles, Santa Clara, 
Orang:e, Lake, Stanislaus, and Ventura counties, occupying about 3,000 acres. 

Losses from Lygus feeding result from: (a) shedding of blossoms and 
young pods; (I)) discareling [>eans liaving consj[)icuous pits, or lowering of 
gi*ade in fi’esh and I'rozeu lima l)eans, particularly the latter, if such seeds 
ai’c jjot removed; ic) cost nf hand l•emovaI oT pitted seeds from dry beans 
and fi'om fresh limas to be used fur <iuick-freeziiig; (d) occasional witlicring 
ot tlic affcM'ted bean in an otIuM'wise normal pod. The amount of actual loss 
sustained is uncertaiu because of the difliculty of comparison between fields 
and l)e('anst‘ tli(‘ reduction in number or size of pods or beaus may result in 
some size increase iii the remaining beajis. Also, plants with severe shedding 
of flowers and pods often cnutiuue t<» flower and may set a late crop of pods; 
in some cases such as in tlie MrHlest<» area this late ero]> may mature, although 
tardily, l)ut in other ai-eas sncli as Ventura the bugs remain active in green 
fields ainl no late cro]) can be set. The injury iTe(jvieutly is so severe in local 
areas tliat the crop does not ]>ay the cost of harvesting. 

This seed pitting ap])areutly was first observed in Michigan in 1895 on 
conimon beau (3) and definitely attributed to Lygns feeding. This associ¬ 
ation Avas reaffirmed in New York in 1919 (9) and was rejAorted in Idaho in 
1930 (20) Avhere it also occurred on lima bean. The injury Avas said il) 
to liave (XHMirred in California dried limas sold in Illinois in 1922 and Avas 

i The writers acknowlcxlgc witli jloasurc the hcl|>t‘ul suggestions of Dr. A. E. Mieheh 
haeher (*n souk* eutouiologieal phas«*s of the study, and of Dr. P. ( 7 . lloel (ni the statistical 
tecliui(|nes used Mr. A. A. PeukcTt, Oxuard, kindly HU]»i)lied the plants analyzed in 
tal»le L>. 
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attributed to yeast, a])i)arently on the basis of symptoms. The pittiii”: was 
first definitely assot'iated with Lyjrns biu^' in California in 1944 by the 
writers. Fields with severe seed ])ittinj‘' ami pod sheddinii* frequently had 
lart^e ])opnlations of these inserts and wei*e near recently {*ut alfalfa fields 
or oilier sonrctvs of infestation. Pods which contained pitted seed often had 
spots of sticky Lyjiiis ex(*rement. Examination of seed lesions failed to 
reveal Neniatffspora or other patho;^ens. It is known that Ly^us bn^s injure 
alfalfa beet (10), and cotton (. 1 ) seeds, that they cause seed pitting 

of various beans ( 3, 9, 20) and that the insects fee^ on flowers and fruits or 
seeds. The demonstrated fact that the.se bugs are highly toxicogenic (21 ; 
22, pp, 164-1 (if)) is (‘onsistent Avith the type of injury, a tissue breakdown 
rather than a mere puncture. 

A similar type of injury to lima bean and blaekeye cowpea was observed 
in Virginia, in 1921 associated Avith the yeast, Xenidtospora coj'yli Pegl. (A. 
phdseoli Wingard), Avhich Avas carried by the soutliern green stinkbug, 
Nezdva vindida L. {N. hilarh Hay) (29, 30). Such a relationship had first 
been shown by Nowell (16) in 1917 for internal boll disease of ('otton. Yeast 
spot of lima bean has been reported in this country from Alabama (30), 
Illinois (1, 30), Maryland (8), Missi.ssijijii (8). North Carolina (8), Tennes¬ 
see (30), Virginia (30), and West Virginia 1 14). as Avell as from Puerto Rix'O 
(8), Belgian Congo (24), Bermuda (26), ami the West Indies (17). In 
addition, yeast spot has been rej)oi*t(‘d in Oklahoma (13) on soybean and in 
South Africa (15) on kidney, mung. sugar, and soybeaiis and Baiihinid 
(jolpini. Other legumes reported as hosts include strijig bean (26), co\V}>ea 
(17, 24, 29), bird's eye bean (29), and Vif/mi cdfjdntp P. nuguknldld. 
Doliclws lahldh, CandvaUid (jlddldfa, ('mtaldrid juncea, C. retdsd, ami 
Tephro.na, Indigofevd, and Cassia sj)p. (17 ), Xvnuitosp<tra spp. have been 
reported causing “stigmatomycosis' on fruits of a numbei* of other hosts 
(tomato, cottoji, ])epj)ei*, orange, grajiefruil. tangerine, pecan. Datura mvicl, 
As(dppias cura^saviva, pomegranate, coffee, Stervulia jdatanifolia, etc.) in 
assocdation with several plant bugs. The oidy record of A. coryli in (Cali¬ 
fornia in cojineetion Avith an established ])lant disease apparently is that of 
Fawcett (6) on citrus, pomegranate, and cotton, although Schneider (19) 
found it on imported tomatoes liei-e. 

svAirTons 

The type of symptom ])roduced on lima bean de])ends on the stage of potl 
and seed development at the time of Lygus feeding. If this occurs on blos¬ 
soms or young ])ods they are (piickly shed. Pods u|) to 2 inches or more in 
length commoidy turn yellow, Avither, and drop; these are referred to by 
groAvers as “buckskins’^ and attributed to high tem]>erature. These syiri])- 
toins resemble those whicli result from feeding of the green stinkbug, as 
illustrated l)y Cmlerliill (25). Sliedding may involve only a low percentage 
of the total iiods set if only part of a field is inft^sted or the infestation occurs 
tardily, or losses may be severe. In Ventura County in 1944 vining limas 
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in a lO-acre strip atljacent and parallel to a recently cut alfalfa field had, 
because of Ly’iiis injury, set essentially jio pods and were not threshed (11). 

At the tiiiie of ]>un(‘tnre of the j)od a small hole may be visible from 
which sap oozes, and internally the tissue snrronndin^* the pnnctnre soon 
turns brown (20). External symptoms on such pods ai‘e lacking, Oldt'r 
pods liave smooth, firm intumescences up to 10 mm. ai^ross and 2 mm. high 
on the inside surfaces (Fig. 1, A); such swellings have been reported from 
feeding of Lygiis bugs on cotton stems (12) and bolls (5). These intumes- 



Fig. 1. Lvirns iiiiiirv of Vciitnni viniiig tvj)0 lima beau proauccd by raging tbt‘ 
Imgs on plants'grown in tho grcenlionar, n»45. A. l*o<l .‘■diowing injuries and iiituinos- 
rcmM.s on inner surface (»f walls, and a jiitted seed. B. Keans from i>ods on whudi Lygus 
well' eagtnl. (\ Beans from ])ods on same ])lauts raged witliont the inseets. 


(-OIKH'S fmiiioiitiv OHIISC distortion by prossiire against the ih'veloping seeds 
and nsnally are'in enntaet with pitted areas of a s(*ed. An oceasional laek 
of (*oiuei<lenee is not surprising heeanse (a) not all ieeding jniuetiues oeeiu 
near seeds nor are all dee]) enough to reach a seed, and (b) changes in spatial 
relatiousliip resulting from enlargement and crowding of smls ma\- destroy 
the eoineidence of seed and pod punctures. The inside of a badly injured 


pod fre(|uentlv has a froslx ai>pearan<-e from surface proliteration ot iiareii- 
ehvina cells and the o,.iH.site walls of the pod sometimes fuse. As such pods 
mature a brown discoloration and tissue breakdown is visible on the in,stele 
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and, Jess definitely, on the outside. Examination of many pods has demon¬ 
strated the impossibility of aecmrately dete(*tin^^ either iiiternal pod intumes- 
eences or seed pittinj^ by exteimal appear an ee of the pod, except by the 
infrequent incidence of slijiht swellings at the point of feedinji*. 

In yonu^‘ seeds the initial injury may ap])ear as a water-soaked area 
around a small hole; tliis soon shrivels to an irrejrular i)it which probably 
enlarges as tlie seed j^rows. The seed may not attain normal size or may 
even shrivel, although the rest of the seeds in the pod are normal; other 
factors also cause such shriveling (Tables 1, 2). The pitted areas in full- 



Fkj. 2. LvijUB pitting of field grown lima l>e‘an nud eow|>oa Need. 1944. A. Ven¬ 
tura v-luiiig type liinn honn. li. Blnekeyc eowpen. C. Bnlry limn benn. 1). Bordhook 
bush limn. 


size beans vary from a tiibv, sunken }»in point, wliich may or may not rupture 
the testa, to Taffre, ifrefrular, crater-like, yellow or brown spots in the coty- 
ledoii over -which tlie testa is destroyetl. The tiny j)unetnres wit lunit necrotic 
tissue ap|>arently result from non-toxie feediu'f. 'Whether Ijy<>us hufis vary 
in toxicity, as reported for other toxieojrenic insects, is nndeternnned. The 
cavity is tilled with a brown, g-rauvdai-, ernmbly mass of necrotic cells and 
starch grains which is iiartienlarly evident before tlie seed dries. A similar 
neerosis from Ijyfrns feeding Ims been reported on potato tubers (21, 22). 
Fits may oecur at any point on tbe lima seed, singly or in sueb numbers that 
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coalescence results; as inajiy as 52 ])uiieliires have been counted on a single 
seed, llie testa may crack or even flake from dried beans, starting at such 
pits. Seed, injury is slur.vn in figures 1 and 2 and also in other papers (8, 20, 
2.J, 29). Sometimes the integuments ilo not grow sufficiently to cover tiie 
imiiijiiied cotyledonss, Tliis may represent (a) a ^ap let’t, by ji;ro\vtli, when 
leedin^ killed a lew cells of the very yoiinj»‘ inte<»iinients without injiiriu!^' 
the cotv ledons, or (bj a partial starvation of tlie internment tissue from 
injur\ to its vascular system in or near the funiculus. The sec'ond type 
could lesult 1 rom a. leedinr* ]>uu<-‘ture which, had it 0 ('ciUTcd closer to the 
cejitral vascular system ol the lunimilus, would cause tlie starv^atiou or 
abortion of the entire seed. 

Since the burs are unable to feed on ])ods or seeds which liave bermi to 
tourhen {20), and since leediur will cause sheddiur of younr pods and 
abortion ol younr scfnls, there is a. relati\'ely limited develojniiental period 
durinr which leediur will produ(*e ])itting of mature seeds. The percentage 
ol seeds j)itted may not, tljcrefore, be liir'h e\’i‘n in fields sustaininr hirh 
total loss Irom the burs. Shull (20) reported ('ominercial fields of Great 
Northern beans will) uf) to 4.09 per cent pitied seed and baby limas with up 
to 2.92 per cent. 

Because liVrus burs i*each the hirhest population in mid- to late summer 
(20) the first pods set are relatively \‘nH^ of injury, but in cases of heavy 
later in I ('station essentially tlie total crop may be lost. Since the maxiinuni 
damarc* occurs in tlie warnuvst season, tlu' sheddiur of jiods and ilotvers has 
been rcferri'd to as heat damar(‘ in the ('ase of vininr limas, as ^‘steam- 
in r.'' 

Mi(*ros('opic examination of pitted areas has failed to rcvc^al (‘vidence of 
fec'dinr tracks. This is in line with tin' abseime of sheath material reported 
(12) in cotton on Avhich various Miridae, includinr Lyc/as ohlinealus (Say) 
{fj. pratcnsis L.), had fed. Since the cells adjacent to the puncture usu¬ 
ally are kilh'd and shrunkt'n, the continuity of sheath material would be 
dest!*oyed. 

SilEI) I'lTTLNl^ A hM-:SUJiT OF LYCU'S FKFDINC.^ 

A numbt'r of cirmimstanccs in Galifornia differ shartily from those of tlie 
Stall's reported to have Ni uiatospora on lima, Ix'ans. The yeast has been 
neither demonstrated in nor ri'i'overed from pitted lima b(*an seed ri'own 
here. The vi'cdor in the eastern area, the southern p*een stinkbu‘»: (A. 
viridula), ap|)areutly dot's not occur in the State. Beans are jurown during 
the rainh'ss sumiinvr months, a circumstance which practically eliminates 
seed infections by pathogens and would make for infretiueut occurreuce of 
Nemalospora. Apparently tln-se yeasts have only once (fi) been reported 
causing a field disease in the State. Observations already presented caused 
the writers by August, 1944, to sus|)ect Lygus bugs {L. hespenis Knight, 
L. disus V.D., and perhaps others) as the true cause of the injury in Cali¬ 
fornia and subsequent work lias confirmed this relationship. 

Specimens of jiitted bhu'keye cowpeas from Westley, California, large 
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linias from Vontiira, and baby lima bonus fi*om Modosto, ^atlierod in 1944 
and submitted to W. E. Sbull were foiiiid^ to be identic'al with those pro- 
diK^ed by Lyj^iis bu<rs in Idaho. The injury has not been observed on com¬ 
mon })ean in California. The Kentucky Wonder types of these beans with 
thick pod walls jj^rown in Ventura, Santa Barbara, ajid Los Angeles counties 
woidd not be exjiected to show seed pitting, siin-e Shull (20) found that it 
occurred only on thin-walled varieties. 

A preliminary test with Lygus bugs collected near Oxnard in Septeiuber, 
1944, and caged on pods of lima beans growing in the field at West Los 
Angeles residted in severe pod shedding after tlieir feeding. As a conse- 
(pience there was no seed pitting. 

Insects collected near Ventura in Sejjtember, 1945, wei’c confined in cloth 
bags on clusters of flowers or young pods, and on older ])ods. The youngei- 
material was shed (|ui('kly in each case. When the older pods were examined 
after 7 days tliey contained typically pitted seed (Fig. 1) and the lesions 
were free from microorganisms. 

TABTJil 1 .—Incich nce of se/d piUlng in lima hmns groini in cloth cages icith and 
nithoat Lggns hugs. Trisects added on ,1 uhj SI. Ventura Countg, JOSS 


Location 

Te.st 

cfuiditioii 


1 

Inia b(*an st‘ 

t*d 


Total 

1 ) limber 

Average 
X)cr pod 

I^vr cent 
slirivded 

Pit ted 

XunilxT P(' 

I* c(*nt 

Oxnard 

T.ygns 

OSS 

1.80 

^a>.2 

• :]0 

5.2 

(irrigatt^l) 

(■liO(d\ 

rm 

Lsa 

M2.1 

0 

0.0 

Soil) is 

Lygu.s 

lado 

1.72 

m.i 

SO 

2.5 

(unirri gated) 

('iiock** 


1.92 

2i>.2 

2 

0.2 

(.^amarillo 

Lygu.s 

87 d 

1.71 

ir>.i 

0 

0.0 

(iin irrigated) 

Ciicck 

81 a 

1.80 

i;i.7 

0 

0.0 


a An uncagea cquivnlent area of :mi aajriecnt row had to la* usod and accounts for the 
}»ittfd b(‘Mii.s in this scries. 

Aster-cloth cages were |)laced over 30-foot sections of rows of viiiing type 
lima beans in several ]o('alities of Ventura (^ounty jnuor to seedling (‘uiei*- 
genc(\ On July 31, 1945, approximately 200 Lygus bugs from alfalfa were 
placed in one t-age in each location and the othm* was left as a check. The 
cages remained in place until the \ ines were mature and cut. Pods were 
liarvested and the seed hand threshed. The incidence of S(M*d |)itting and 
shriveling in these trials is shown in table 1. In the Oxnard and Somis 
series there were 5.2 and 2.3 ])er cent of the seeds ))itted iti the Lygus cages, 
and 0 and 0.2 per cent in the chet'ks. In tlie Camarillo test no pitting 
occurred in either cage, ])ossibly because of some unfavoi'able environmenta] 
factor. The shriveling of the seeds in these tests obviously was not associ¬ 
ated with Lygus injury, and the incidence of these aborted seeds is indicative 
of some jdiysiological cause of much ot this tyi>e of injury in the field. That 
lj}'gns can pi-odnce it occasionally is not doubted. 

2 Personal comaiunieation of May .’U, ia4o. 
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AdditiojiaJ data Avere obtained ineideiitally from an experimental plot 
near Oxnard scd up by Holland in cooperation with the Division of Entomol- 
o^^A*’, (valitornia. Agricultural Experiment Station, Berkeley, to determine 
Avliether DDT Avould control Lyons. A 16.8-aere field of bush type lima 
beans an as observed in early July, 194;3, to be badly infested Avith Ijyj»:us bujj:s 
AAhieh had niiorated from a laro-e adjacent plaiitin<^ of seed beets. The field 
Avas divided into 8 parts: a 6»aere strip 60 rows Avide next to the beets 
(cheek 1), tlie next 6-acre strip dusted with DDT (80 lbs. per acre of 4 per 
cent dust in sulphur) on duly 28, the last 4.8-acre strip (cheek 2). On 
October 2, the date tln^ field Avas cut. 100 plants Avere removed f rom the center 
roAV ol each plot, 10 consecutive plants being taken Avithout selection from 
each ot 10 eciually s|)aced points in the row. Data on tliese plants are gi\’en 
in table 2. 

TABLE 2. — J>ata an lima hran planis from an area dusted once with DT)! to reiluce 
LiI(/u 8 huff injury, and from the surroundinff held. Ventura County, J94o 


Items measured 

T wo 

cht*ck plot.s 

DDT plot 

l)iffereiicea 

.. 

11 

.Meaic^ 

n 

Meana 


(U'etMi pods ]»er ]>laut . 

2(»d 

l.bo ^d.liT' 

IdO 

3.01 .± 0.40 

1.36 4 0.43 

Dry ])ods ]>er jilniit 

i'dd 

12.4S t d.4d 

JOO 

10.90 ±0.70 

7.42 4 0.91 

Total seeds ]>er jilaat 

■Jdi) 

2d -p 1.2i» 

100 

61.60 4 2.03 

26.40 ± 2.84 

Pitted seeds ptM* jilaiit 

Jdd 

:».4i ±d.41 

1 Od 

3.(t l ±0.45 

2.37 ± 0.61 

Pereentage seed uiijdtted 

IMM) 

s.'TJMi j; 1.1:: 

100 

93.10 4 0.65 

9.20 ± 1.30 

Pereeiitage sited shriveled 

l!d 

d.Sd y i .:{7 

10 

15.20 ±0.76 

5.40 4 1.57 

Seeds [ler jiod 

I'd 

2..")i; 4- d.d:; 

Id 

2.66 ± 0.04 

d.lO ± 0.05‘‘ 

I'otal dry w<‘ight per 10 
plants (oz.) . 

I’d 

.’i-l-bd t .1.71 

10 

40.30 ±2.26 

5.70 4 2.83‘^ 

Dry weight per ](.» jilants 
without pods (oz. i 

I’d 

1 r;.2d - 1 

10 

12.80 ±0.77 

3.4d±1.29 

Dry weiglit of pods jier 
1C plants (t)Z.) 

I'd 

.! t d.pl 

10 

27.80 ±1.54 

9.15 4 1.79 

Threshing seetl yield jn-r 
10 plaJits (oz. I . 

2d 

14 (Ml i dji; 

Id 

20.60 ±1.11 

6.60 4 1.30 

Threshing st*ed yield (»f 
pitted seed p«*i’ Id 
plants (oz.) . 

2d 

1 .d;; d,2d 

10 

0.90 ± 0.31 

0.73 4 0.37'^ 


Stnitd.-ird error gi\eii. 

DitTereiiee bet ween cheek jdots slgiiilic.-nit ; reJiiaining differences not sigiiificant. 
c BiffereJice not .sigiiiticant; reinaiiiing differences significant. 


The only cliaractei- showiiij.' a statistiealJy significant dilfcrenco between 
llie two elicck idols was the nnniber of green pods per plant. It is, therefore, 
justifiable to nse a mean of tlie two plots for eoinparison witli the dusted 
area. There Merc* significaiitly nuna' green pods, dry pods, and total seeds 
per plant, and a. higher ])ercentage ot unpitted beans Ironi the dusted than 
from the check areas. It might be argued that the given popvdation of 
Lygus bugs had more pods on which to feed in the dusted than in the cheek 
areas, and that a. smaller number of jutted seeds Avould therefore be expected. 
There was, however, no relationshij) between tlie ntimber of pods per plant 
and the number of iiitted steeds. ^Ihe correlation coelficiiuit for check I was 
0.066 and was 0.074 for check 2; the correlation ratio for the dusted plot 
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was 0.111. This lack of correlation ai)parently resulted from the mobility 
of the insect. There was reduction in seed pittin**' and an increase in pod 
set, ea(?h independent of the other. There was a hi<iher j^ereentage of 
sliriveled seeds in the dusted than in the cheek [dots; this again suggests that 
Lygiis bugs are not primarily responsible for seed shriveling. 

The dusted plants were smaller than those from the chec'ks but had a 
greater weight of pods, giving a total dry plant weight which was approxi¬ 
mately equal. The weight of seed ]>er 10 i>lants. (deaned so as to a[)proxi- 
mate field thi*e.shing, was likewise greater in the dusted than clieck areas; 
this apparently resulted mostly from iiH*reased [)od set but somewhat from 
a sliglitly larger nund)er of seeds j>er pod. The*^ field-thrvshed yield was 
20.31 bags per acre from the cheeks and 24.0 from tin* dusted area. A ran¬ 
dom sam})le of 650-800 bt*ans Avas gathejvd directly from the threshing 
machine as it mov ed through eacli [)lot. These samples had 22.71 beans [)er 
ounce in the checks and 24.74 in the dusted plot. A test in another field 
yielded 21.06 and 23.0 bags [)er acre from tlie cljeck and DDT plots, i‘(*spec- 
tively, and these bad 29.83 and 30.17 beans per ounce. Tli<‘ data implicate 
that there Avas little or no decrease in .see<l weight iK^cause of increased 
numbers. 

One liundred green pods Avere gathered fj*om on(‘ row of each i)lot on 
September 24 and exaiuiiied carefully for Lygus damage, t'heck 1, chetfk 2, 
and the dusted plot, res[>ectiveiy, had 84. 85. and 34 ])er cent of the pods 
Avith internal symptoms of Dygus feeding. The ]>ercentages of seed [)itted 
Avere 53.4, 34.4, and 15.6, and the average numbt*r of s(*eds [)er pod Avere 3.11, 
3.23, and 3.52, re.spe('ti\’ely. These data on green pods are e.ssentially in line 
Avith those on the total (‘rop, except that a much highei* percentage of j)itting 
Avas evident. Since the I^^ygus ])opulations are highest late in tlie season, it 
seems reasonable that late setting pods would have more ])itting. 

Tliese data may be intei-])reted as further eviilence that Lygus bugs cause 
pod and blossom shed and seed pitting, and that control of the insects Avill 
reduce the amount of injury. 

( O.NTKOI. 

Since the reduction of Lygus injury is largely a matter of in.sect control, 
detailed methods are outside the scope* of this }nii>er. However, it may be 
meiitioned tiiat DDT has been found by >everal workers to be highly etfee- 
tiV'C against these insects on various liosts. Also, ficild cA idence suggests that 
the planting of lima beans next to a favored pertmnial host of the insect 
(c.r/., alfalfa, seed l)cets) is likely to lead to heavy losses, and should, there¬ 
fore, be avoided. 

Discirssiox 

The seed pitting of lima bean and coAvpea in California is due to the 
feeding of Lygus bugs, tlie toxin secreted ap[)arently causing the death of a 
considerable number of cells around the puncture. Because symptoms of 
the Lygus injury in California and Idaho specimens Avere identical Avitli 
tlK‘Se of yeast spot of lima bean from Virginia, the difficulty of identification 
of the trouble solely on the basis of symptoms becomes ap])arent. 
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The writers have had no direct experience Avith the y(*ast-sj)ot disease of 
the eastern states and cannot, therefore, evaluate that situation. Tlie pub- 
lisiied ret'ord, however, presents some features which require clai*ification. 
It seems possible that the pittin<»‘ attributed to yeast in certain areas may 
invoh e also an effect of insect toxins. Specimens of yeast spot of lima bean 
from Virji’inia'- proved to be identical in appearance with California sami)les, 
but microscopic examination and isolation attempts showed that numerous 
lesions had no Nematospora^ althoup:h it did occur on some seeds. The only 
tests wiiich have been rejjorted (*^0) on transmission of the yeast to lima 
bean by the southern f>reen stiukbu^’ were made by transferring the insects 
from ])reviously infected beau plants, and no results with uncontamiuated 
bugs have been reported. The possibility seems not to have been excluded 
that a toxin introduced by the bugs might have caused damage, sometimes 
augmented by yeast infection. In fact, the reported rapid abscission of 
flowers and pods is suggestive of such a toxin rather than “the green stink- 
bug and the disease that ac(*()mpanics it,^^ as has been suggested (25). This 
sliedding is not attributed by others to the yeast and it seems probable that 
it f*(‘sults f]*om a toxin introduced by the insect, with or without yeast. 
Underliill (25) reported injury to lima bean from the direct feeding of the 
plant bug and iMf(*rs that this may induce blossom fall. That blossom and 
pod tall result from Lygus Feeding is clearly established (5, 20, 23) and the 
injury to lima beans in California is typical. 

Several investigators (6, 8, 16, 27, 30, and others) have been unable to 
recover yematospora from plant bugs su])posedly carrying it. A few (7, 14, 
15) siKM'ceded in recovei-ing the yeast from the bugs and found that trans¬ 
mission Avas purely mechanii'al, the insect ])lacing the pathogen in a faA'or- 
a-ble substrate. The apjTarent difficulty of recovering the fungus from the 
insect, and tlie fact that not all lesions of lima bean, even in yeast spot 
regions, contain Acmaiusporay suggest that the yeast may be accessory to 
some other factor, perlia])s an insect toxin. Because the southern green 
stinkbug is prevalent in both Vii-ginia and West Virginia, but rarely carries 
Xi mafospora in Ihc latter »State, Leach and Clulo (14) concluded “that the 
association of tlie disease Avith the stinkbugs is not a constant one, even 
though the disease may de]>end ipTon the insect for inoculation.’^ If no 
pitting occurs in West Virginia in the absence of the yeast, this miglit con¬ 
ceivably indicate the absence of toxicogeiiic strains of the southern green 
stijikbug or other inse(*t, or might indicate the existence of ec()logi(‘al factors 
unfavorable to toxin jTroduction by tliem. 

Inoculations Avith the yeast on uninjured lima bean j)ods were reported 
to be unsuc(*essful, but by pmuduring the see<l Avith a fine needle infections 
resulted (29, 30). That the yeast is ])athogenic to immature lima bean s(‘ed 
under these conditions is not (]uestioned. The pitting of lima beau in vari¬ 
ous areas, althougli similar in symptoms, possibly may result from such 
different agencies as toxicogenic insects and Neniatosporch Such a complex 

■USuiqllied to W. AV. Mnckic tlirougli ttu* ('oiirtosy ot* Dr. S. A. AVingnrd. 
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is not inii)rp(*e(lente(l. The kernel spot of peeaii was attributed first to tlie 
feediuj’’ of Nezara virklula (4, 30), later to the Nemaiospora which they 
carried (28), and more recently (18) to injury by the bu*? itself. It is not 
implied that Ijyj^us bujus are ijivolved in pitting* of lima beans in all areas 
nor that this is the sole insect involved in the injury in California. 


SUMMARY 

Lai’jic and baby lima beans ^rowii in California for dry food, seed, the 
fi*esli market, and freczinji* (‘ommonly have a ne(*roti(‘ pittinj:>* of the seed 
which closely resembles the des(‘ribed yeast-spot disease, except for the 
absence of any pathojren. In one field test 16.10 i4r cent of the seed was 
so pitted, witli as many as 52 punctures per seed. Similai* damajjce occurs on 
blackeye cowpea, but has not been observed on common bean in California. 

Field and jxreenhouse tests with Ly^us buji's (/>. hespcf'us, L. climSf and 
f)erhaps others) (‘a^ed on lima beans have demonstrated that the pits result 
from toxic feeding* of the insects on the developing fruiting structures. 
Such Lygiis injury and yeast sj)ot cannot be distinguished on the basis of 
symptoms alone. The situation in other regions having this type of injury 
of lima bean should be reexamined to evaluate the factors (c.f/., insect toxins) 
of the complex. 

^Jdie insects also (‘ause, by toxic-feeding, a shedding of blossoms and of 
pods up to 2 indies long; this effect usually produces tlie most important 
loss from the bugs in California, amoiuiting in small areas to the total ci'op. 
Keduction of grade and the cost of hand sorting of tlie beans also result f rom 
the seed pitting. There is some shriveling of young seed from Ijygus feetl- 
ing, but otlier undetermined factors a])pear to be even more important in 
causing this damage. Keduction of Lygus i. jiiry by one application of DDT 
dust resulted in significant increases in number of green and dry pods, num¬ 
ber and weight of beans, and percentage of unpitted s(‘etls. There was a 
decrease of diy plant weight exclusive of pods, but this was essentially 
balanced by the increas(*d dry pod weight. 

Injury tends tv) be worst in fields adjacent to established, perennial, 
favored hosts of the insect, such as seed beets and alfalt’a. In some areas 
the insects may be present for a relatively short time on lima beans, injuring 
only a small jiart of the field and ])art of the ]>od set; in other areas the bugs 
remain aidive on the limas throughout mu(vh of the season, injuring most 
of the 1 ) 0(1 s ii] whole fields. 

Division of Plant Patholouy, 

I ■NIVERSITY OF CALIFORNIA, 

Los Anoeles and Berkeley 

AND 

Vkntttra ('ounty Agricultural Extension Servic^e, 

Ventura, California. 
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BUD, BLOSSOM, AND POD DBOP OF CANNIXO STRING BEANS 
REDUCED BY PLANT HORMONES’ 

E . 11 . F I « Jl K K , A . J . E T K E R , A N 1) 'J'' . (1 . A T. h E N 

(Accfptod for publication March 7, IPKi) 

INTRODUCTION 

A mliiction in yield of e{iniiin<i* string- beans in northwestern Wiseonsin 
lias been experieiK^ed in recent years bec-ause of o’^^essive drop of buds, t)los- 
soiiis, and small beans. Sucli losses have been greater in some years than 
in others. 

Two factors have appeared associated with this blossom drop, /.e., (1) hot, 
dry weather and (2) insects. Tarnished plant bvijis, LjffjKS obiinfatus 
(Say), and potato leafhoppers, Empoasca jahac (Harris), were present in 
sufficiently abundant niuidiers to warrant some control measure. 

Insecticides hav(* been used in the past to control both plant buj^s and 
leafhoppers. Since Osborn (9) reported the use of ])yrethrum to control 
the potato leafhopi)er, this insecticide has l)een used e.vtensively. Recently 
pyrethrum and derris dusts ajifieared effectixe (10) in control of the tar¬ 
nished plant buji*. 

Plant hormones, especially a-nai>htliah‘ne acetic acid, which prevents the 
formation of abscission layers causin<»* pre-harxest dro}) of apples (5, 6), 
seemed, promising' for ])reventing dro|) of blossoms and small beans. No 
ref>orts have been found xvliere such substaiu'cs have been used for counter¬ 
acting insect injury to plants. 

This pafier ])resents the results of studies xxith [ilant hormones (1) to 
prevent drop of blossoms and small beans caused by insects or by weather 
and thus (2) to increase tlie yield of string beans. Preliminary i*e])or1s 
(1, 2) have appeared earlier. 

M.ATERIALS AND METHODS 

Greenhouse Tnuls, In the greenhouse. Brittle (Round Pod Kidney) 
Bush Wax bean seeds were germinated in moist sand, WIhmi the primary 
leaves had begun to unfold, the vigorous healtliy ])]ants xxere transi)lanted 
individually into b-iiu^h pots containing a mixture of 1 part sand to 2 jiarts 
compost. In some cases the plants were used xvhen they had their first tri¬ 
foliate leaves but not their second, wdiile in others, the |)lants xvere beginning 
to blossom or were in fidl blossom with small beans. 

The plant hoionones are designated in tables of I'csidts by the following 
al>breviations. These hormones were prepared in dusts containing from 

’ Published with the n}»|»n)val of the Direetoi* of tlie Wiseonsin Agrieultural Experi¬ 
ment S^tatiou. 

Grateful aeknowledginent is made to Stokcly Foods, Ine., for .some financial suppoj-t 
a in I use of faeiliiies in earrying on the.so studie.s. 

The ligiires wore prepared by Eugene TTerrling. Tln^ statistical analysis was made 
by dames 11. Torrie and Viigiiiia Beai. 
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10 to t)40 (parts ])(*r niillioii) by mixiipii' tlio rlieiiiioally pure suh- 

staiiees with Pyrax AB1> 

2B0NB - i:-io‘uiii()-0-iiitro benzoie arid 
2C5NB 2-eliioro-5-iiitro benzoic acid 
PCIP - p-ehloropbciioxy acetic acid 
DPA 2,4-dichh>i*oplieii(>xy acetic acid 
DPB = a-( 2,4-(lic]d()ropheiioxy)'ad)nty ri(' acid 
1A = iiivloledPacetic acid 
IB =- (i'idole-.l)-a-butyric acid 
LA - levuliiiic acid 
NA = a-naplitlialene acetic acid 
BNA = (3-naphtlioxy acetic acid 
ANA = a-iiaphtliyl acetamide 
PA “ ])lienoxy acetamide 
PAA = plienoxy acetic acid 
- Pyrax ABB 

TIB - 2,‘b5-triiodobenzoic acid 

Tlie A’arious (‘oiK/iMitrations of specifh* hormones were made from an 
initially i)repared stock concentrate. From this, desired dilutions were pre- 
pai’cd by adding* Pyrax and further mixing* in a ball mill. 

A plant was dusted by placin*:' it in a cylindrical chamber with a capacity 
of about 82 liters. A one-half ^ram sample of dust was expelled directly 
downward on tlu^ ])lant by e^mipressed air, at 18 to 20 pounds^ I)ressure, 
thi'oujzh a dust ^'un (2). Tlie plant was exposed to the cloud of dust in the 
chamber for 90 seconds. Pyrax Avas used to dust cheek plants. 

8inc(^ illumiiiatinj>‘ <i*as (-a uses abscission of plant parts (4), it was eni- 
idoyed in a partially ^Ms-filled chamber to induce abscission of bean leaves 
and petioh's, WhatcAcr may be the relation between ^i>as and insect feed- 
in^‘, both stimulate the formation of abscission layers. With juas one can 
easily rej^ulate the im idence of droppinji’ of leaves, buds, and pods. Thus 
it ])rovided an easy teclinifjue foi* eliminatiiiiu: the less promising' chemicals. 

The illuminatiii}^ ^as used had the followinji' components: illuminants 
(ethylene, })ropylen(\ and other hydrocarbon fra(dions), 8.8; carbon dioxide, 
2.(i; carbon monoxide, 81.ti; hydrojicn, 41.8; methane, 9.2; ethane, 1.0; nitro- 
jicii, 5.0; and oxyiuen, 0.5 per cent. 

With eas treatment experiments, individually ])otted plants were em¬ 
ployed when the first trifoliate leaves Avere well developed, but the second 
ones AAcre not. A series of 6 or 8 ])Iants was dusted. Best results Avere 
obtained Avhen the soil about tlie plants Avas kept moderately moist. Exces¬ 
sive moisture or dryness Avas unfavorable for duplication of results. Water¬ 
ing’ immediately before tlie test provided a source of error. 

Fifteen to 20 minutes after the plants had been dusted, they Avere placed 

2 pyrax ABB is tbc symbol used to an inert iriatorijil commonly employed 

in jneparing inKseeticidul dusts. 



506 


PlIYTOPAT IIOLOO Y 


[VOL. 36 


ill a circle inside a donbJe jilass-walled temperature chamber with a capacity 
of about 465 liter-s and a temperature of 84 to 86"" F. A flask was fllled by 
water displacement with about 3.45 litei-s of illuminatiuji* j»as, and it was 
opened in the middle of the chamber. A small elecdric fan runniiijr slowly 
circulated the f»'as and air mixture of about 1: 135. This concentration was 
hardly enouj»li to have an odor. 

All plants were i*emoved from the jias cliamber to the ^reeidiouse after 
34 to 26 hours. Foi* a week readin^rs were made of the number of abscissions 
of tlie various jnirts of each plant. Seven abscissions Avere possible in eacdi 
l)lant; i.e., the 2 primary leaf blades, tlie 2 pcdioles of the ])rimary leaves, 
and each of th(‘ 3 leaflets of the first trifoliatl:^. 

Abscission by insects was induced liy ca<»ing* adult tarnished plant bu^s 
on bean plants, Avhich either were be^inuinji* to blossom or were in full blos¬ 
som with small l)eans. Fa.ues vai-ied in type, including* sci*een cajics with a 
capa('ity of 425 and 100 liters, respectixely, in Avhicli were ])laced dust(‘(h 
potted bean plants infested with iiis(‘rts. Other small s(*reen cylinders (20 
by 40 mm.) (;onfined the iiis(‘cts on ])laiit pai'ts, such as blossoms, beans, and 
j)ortions of stems bearinj*' flower clusters. Either cotton or Scotcli tape Avas 
used to enclose the ends. Small paper sacks Avere also used. 

Field Tests in V)i2. In the field the problem of blossom and bean drop 
of cannins^ l»eans Avas studied during’ the summer of 1942. The ex|)erimental 
plots located at Earl and Cumberland, AVisconsin, Avere planted to Brittle 
(Round Pod Kidney) Bush Wax beans and Idaho Refugee Bush Green 
Imans, respectively. 

Plots at botli hxoitions Avere identical, with se])ai*ate dust and spi*ay plots 
at each. All treatments Avere j)la('ed 1)\' chance* in eacii of 4 j-eplications. 
One treatment in eax'Ii replicate co nsisted of four 15-foot roAVs oi‘ beans, 
makino: a total of 240 feet of row. A sinjile bnfler I'ow was left betA\e*en t*ach 
unit, and a 2-foot buffer sf)ace separated the ends of units. 

The following*’ materials Avei-e emifioxed iji the dust and spray formulae: 
A comnuu'cial f)re])aration (A[)p-L-Sct containinjr 16 ;ii*ams of a-iiaphtha- 
lene acetic* acid per pound of talc was userl in dusts. A commercial prej)a- 
ration (Parmone) containing’' 16 grains of 7 -na[dithalene acetic acid ])er pint 
of alcoholic solvent Avas used in s])rays. lV)wdered cube insecticide contain¬ 
ing 4.6 ]>er cent rotenone Avas emi)loyed in dusts and sprays. PoAvdered 
pyi'ethrum insecticide containing 2 ])er cent ]>yrethrins was used in dusts 
and spraAS. A spreading agent fGrasselli ) was used in sprays. Pyrax ABB 
Avas the diluent for tin' dusts. 

From tjiese materials, tlie following were pri’pared: Dusts—a-naplitha- 
leiie aeetic acid, 140 p.p.m. and 70 p.p.m.; and aniafilithalene a(*etie acid, 140 
j».p.m., plus pyrethrins 0.2 per cent and 0.5 per cent rotenone. Sprays - 
j-nai)h;halene acetic* acid, 74 p.p.m., 5 ji.p.m., and 2:1 fi.p.m.; and a-naphtha- 
leue aeetic acid, 5 p.p.m., plus pyrethrins 0.2 jier cent and 0.5 per cent 
lotenone. 

The dusts Avere applied Avith a hand-operated rotai'y-type duster Avith 
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2 outlets directed upon 1 row. Tlie sprayer was a Hudson barrel type with 
which a pressnrt* of about 125 pounds was maintained. Two nozzles were 
directed on a siuj^le row. Dusts were a])plied at approximately 30 pounds 
j)er acre, and sjirays were applied at about 100 gallons per acre. 

Two applications of dusts and sprays were made to all the plots of beans. 
The first application to wax beans was made July 17 between 7 and 9 p.m., 
at which time there was no wind. It was very liumid, a»id the temperature 
was 85" F. Lower blossoms on tlie plants were well opened, and buds on 
upper stems were closed but an ell developed. A hea\y rain fell 24 hours 
after application. A second application Avas made July 24 between 7 and 
9 p.m. It was rather humid, there Avas very little wind, and the temperature 
was 72" F. Small beans and Avell-developed blossoms Avere on the plants. 
Ilain fell 8 houi‘s after appli(*ation. 

SiiHH^ Kefu^ee Is a later variety, dust and siiray applications Avere made 
later in the season. The fii'st application Avas made July 22 betAveen 11 a.m. 
and f p.m. It Avas rather humid, thert‘ Avas a lij^ht Avind, and the tempera- 
turt* Avas 70" F. About one-hall* of the blossoms Avas fully developed. Itain 
fell 6 hours al'tei' ap|)li(‘ati()n. A sei'OJid api)lication Avas made July 30 
belAveen 7 and 9 p.m. WeatluT condilions Avere the same as for the first 
application. Small beaTis and Avell-<leA'eloped blossoms A\Tre on the jilants. 

Fi\'e ]h('kin^s of beans wei*e made from each plot. To attain more uni¬ 
formity in picking-, each of four j>i('kers harvested one replication of each 
treatment and cliec-k. The yield from (*ach replicate Avas placed in separate 
baj^s. lab(‘led, Avei^hed, and p-ade<l In- a mechanical ^Tader.’^ 

Some studies were Tiiade to determiiu* the (‘xtent of damatie caused by the 
taiadslied plant bu^‘ and the potato ]eafho})]>ei' on Avax bean plants. Obser- 
AUitions Avere made of injury caused by these insects on ])lants dusted Avith 
a-naplithalene acetic acid at 70 j).p.m. as compared Avith inse(d-infested un¬ 
dusted ])lants. AVir(* cajics of about lOO liters .space confined the insecUs on 
the bean plants. 

Fidd Tests in Five hormones, Avhich had appeared best in the ‘•as 

('hamber trials, were chosen for held tests. Pyrax ABB Avas used as the dis- 
pei-sin^’ a<i‘ent for the hormone dusts. 

Dusts for Avax beans were (*mt)loy<‘d at concentrations of 40, 80, and ItiO 
]).]).m. with each of 4 hormones, i,e., a-na[)htlialene acetic acid, levulinie acid, 
p-chlorophenoxy acetic acid, ainl 2,3,5-triiodobenzoic acid. At 20, 40, and 80 
|).p.m. alone, 2,4-di('hloro])henoxy ac'ctic acid was used, and at these same 
concentrations containing- 0.2 per cent i)a rethrins and 0.5 per cent rotenone. 
Another dust contained onlx' 0.2 per cent ])yrethrins and 0.5 per cent rot(‘- 
none. 

Since a-naphthalene acetic acid did not ajipear effective on Refugee green 
beans in 1942, it Avas decided to try 2,4-dichlorophen()xy acetic acid at 20. 40, 
and 80 p.p.m. To similar preparations, 0.2 pei- cent pyrethrins and 0.5 per 
cent rotenone were added. A formula containing only 0.2 per cent pyreth¬ 
rins and 0.5 per cent rotenone Avas also employed. 

•5 Tjocated at tlie Stokcly Paiiiiiiig Factory, PiiiHlx'rlaiid, Wisconsin. 
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Spravs for wax brans wrrr eini)]oyetl at (‘oiireiitratioiis of 40, 80, and lOO 
p.p.m. of a-iuiplithalcMir aretir atdd alone, and with 0.2 per eent ])y]*etlirins 
and 0.5 ])er cent rotenone. 

Wax bean dnst ])l()ts, one each at Earl and Uic'c Tjake, Wisconsin, con¬ 
sisted of 72 units with suitable buffers. Eacli unit consisted of 4 rows of 
beans, each row bein^* 17 feet lon<yi‘. Ea(*h plot irnolved 20 treatnients, re})!!- 
cated 8 times, and 12 checks. 

Eefnjiee j:reen beans were dusted at Plarl in a ]>h)t havin^^ the same 
arrangement as the spray plots there. 

Wax bean spray plots were located at Earl and Rice Lake, Wisconsin. 

TAPT/K l.—Sunuiuirii of conditions when th( -firld trratnirnis were made in W4d 


P\ucv, 

l\iii(l of bejni, 
troatnioiit, 


Aj>pli(*aiioiJs ——- 

made* I'cMiipora- 

l)ot\vt‘cii Dow AVijul tiiro 

range 


Itoan 

plant 

(lovoloj)aieiit 


Karl, Wis. 

Wax beans 
Dust plot 
.Tulv 18. 

A.M. 

C): 30- 9: 00 

llyavv 

28. 

T 

o 

o 

Tlenvy 

Spray plot 



July 19. 

10: 00-12: 00 

He.'ivy 

i .. 

8: 00-10: 00 

Heavy 

Kefugee lK‘aiis 
Dust plot 
Aug. 1 

9: 00-10: 00 

^luderatc' 

8 ... 

0: 00- S: 00 

H<*a vy 

]?i<'e Lak(*, Wis. 
Wa.\ beriiis 

Dust ]»lot 
Aug. 1 

0 : (K^- 8 : 00 

Ilfavv 

7. 

0: 00- 8; 00 

Heavy 

Spray ]»lot 
,Tuly ;K) 

10: 00-12: 00 

XoiH* 

Aug. 7 

10: 00-12: 00 



‘'F. 


X()1H‘ 

Xuue 

<10.-80 

08-80 

Dlussoms 

First piekiug eoniph'ted 

Light 

Taght 

82-82 

SO-80 

Hlossoms 

K(‘a(ly for first 

picking 

Light 

Xoiie 

84-84- 

<)8-70 

Hlossoms 
Hlossoms ami 1 

iiK'li b(‘an.«f 

Xuiie 

None 

08-08 

08-08 

Hlossoms 
Hlossoms ami 

im-h beans 

Liglit 

Light 

82-82 

80-80 

Hlossoms 
Hlossoms ami 3 

inch bean.s 


'i’li(‘ro was no rain for several days after any treatment. 


They consisted of 48 blocks equivalent in size to those of the dusted plots. 
Ea(4i treatment, as well as the untreated cheede, was replicated 6 times. 

Demonstration plots were dusted oji July 18 and 28, 1948, at Earl, Wis- 
<‘onsin, and on J\dy 20 and 29,1948, at Barron, Wisconsin. A dust composed 
of of-naphthalene acetic acid at 80 p.i).m. was aitplied to three lOO-foot rows 
of beans.w Parallel to these treated rows were 8 untreated rows <>1* the same 
length. 

Methods and equipment used in dusting, spraying, and r<‘cording yields 
and grades of the various treated and untreated beans were the same as 
employed in 1942. 

A summary is presented in table 1 of the weather coiulitions at the time 
of the application of the dusts and sprays in the replicated plots. 






194()j 


Fisher et al. : Plant Hoiimones for Peaxs 


509 

Studies were made of damage to wax beans by the tarnished jilaiit bu{X, 
the potato leariioi>])er, and tlie six-spotted leafliopper. Mm roHielcs divisus 
( Ulder). Trials were also made to provent iiisetd damaj*e by dustinjLr plants 
with a'liaphthalene acetic acid at 80 p.p.m. Cajxes of about 100 liters 
capacity were used to retain iiisei*ts of a ]>ai*ticidar species (»i the bean plants 
for observations. 

EX 1 ‘ElM MEN TAL KESELTS 

llornioncs Tested Agaiiist Gus-Indticed Abscissions. Xnmeroiis explora¬ 
tory ti*ials wer(‘ made with a-najihthalene acetic acid dusted on wax bean 
plants. Various constant 1eiii|)eratnre.s and concentrations of illiiminatin<jr 

'l\\ P>LE 2.— Sum mar jf of evaluations hu //as treatment of s< rtraf pfant hormones for 
]>r( rention of abscission hi/fcr formation 


Abscissions with hormones 



ANcrn^jo a 

b.s< issiuns^ 

per from 

<'()ijipa red to those 

Hunu ones 




with Pyrax•> 


II ormonca 

Pvrax 

PuYuUel NA 

ITormom‘s 

ibirallel NA 


;it 2C ]>.p.m 

at 10 p.p.m. 

at 20 p.p.m. 

at 10 p.]).m. 


A'>). 

.Vo. 

.Vo. 

JAr cent 

r< rcent 

HP A 

0.2 

4.7 

0.0 


0 

VVW 

2.7 

b.2 

1.5 

44 

24 

J)Pn 

J .5 

.5.0 

0.0 

50 

0 

T.A . 

2.7 

4.7 

0.2 

5K 

5 

2(:5NB . 

1.7 

5.0 

0.0 

58 

0 

A\A . 

O ‘> 

5.0 

0.0 

75 

0 

IP . 

4.5 

5.7 

0.7 

78 

15 

.FA . 

4.0 

4.7 

0.2 

84 

5 

I A 

5.0 

5.7 

0.7 

87 

15 

TIB . 

5,7 

0.2 

1.5 

02 

24 

nxA . 

().0 

o..> 

4.0 

02 

01 

2P:i\H . 

5.2 

5.0 

0.0 

108 

0 

VAA 

5.2 

4.7 

0.0 

Ml 

0 


Seven nbseissions were j»ossible on each plant. 
f»S(*cnre«l from dividin^jf the number <»f abscissions with the hoianone bv those with 


^as were used. It was found that a dust of a-naj)hthalene acetic acid at 
10 p.p.m. witli I*yrax prevented a «ireat deal of abscission of tlie beau leaves 
and ])etioles afttu* exposure foi* a day at 84^ to 86° F. in I part of fias to 185 
parts of air. 

(Comparisons of relative effiioency of these hormones in )>re\'entinji’ abscis¬ 
sions Avere based on the use of Pyrax alone, a-naphthalene aeeti(* acid at 10 
p.p.m., and 2 othei* liormones at 20 p-inin. Each experiment, performed 
tAvice, employed 8 plants, 2 for eacli of the 4 dusts to be used. 

When the number of abs('issions Avas recorded, notes Avere taken also of 
epinasty that developed in leaves and leaflets. Occasionally epinasty Avas 
only temporaiy. Plowever, it Avas pronounced in those cases Avhere abscis¬ 
sion folloAved. Figure 1, iV, shows successive sta<»es of e|)inasty folloAved by 
abs(*issioii of tlie primary leaA^es. 

The data presented in table 2. Avhere both trials are aA^erajiod, indicate 












±10. 1. Ivn«ets of Jllui.iiiiiitiiig Kii.s, aipliii-niiplitJialone afotic. acid, and insects o. 
kidney wax bPiins. A. hucccssivc .statres in leaf drop iiiduced liy illuminating gas. II 
Jjelt, untreated leaflet, (’enter and right, symptoms resembling mosaic induced by tie 

heXtTi'd <’• I.eft, Ljurus obUnmlns has damaged nntreatm 

mdiiced blossom drop Right, blossom drop was iirevented with the hor 
mone ,it 80 p.p.m. 1). L. nhhiifutns feeding on pedicels. Approximately x 2. 
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at 20, IGO, and 640 p.]).]!!. Altiion^di data presented in table 2 show triiodo- 
benzoie acid to be poor, it seemed worth testinji* at lii^lier eoiieentrations, 
because it was not a finely divided crystalline material, and tlius may not 
have been mixed well at a low eoiu'entration. 

Three experiments were made to compare the 5 liormones at tlie 3 sp(‘cifie 
eoncentratioiis designated. In each experiment tliere were 6 plants, 5 tor 
comparison of liormones at one concentration, ami 1 F\n*ax check. Six repli¬ 
cations of each experiment were made, and a change in position of tlie \’ari- 
ous treatments within the chamlxu’ was made for eacli suc(‘essive re])]ication. 
No evidence, however, indicated that smdi cliange in position was necessary. 

Table 3 shows a comjiarison of the abscissioiif-prevention (pialities of hor¬ 
mones at 640 p.j).m. Similar tables could be sliown for the other 2 experi¬ 
ments, with the hormones at 160 p.|).m. and 20 ]).p.m., but the data of all 
three are expressed gTapliic'aily in figure 2. A, H. and which show tlie 
average number of absidssabJe jiarts retained liy tin* plants. In the hormone 
comparisons at 160 p.ji.m,, the M.S.D. (minimum significant difference) at 
the 5 per cent level Avas 1.35 (mean), and 1.84 (mean) at the 1 per cent level. 
In the 20 J).p.m. comiiarisons, the M.S.I). Avas 1.33 (iiiean) at the 5 jier cent 
level, and 1.82 (mean) at th(‘ 1 per cent level. All 5 liormones gave signifi¬ 
cant results at the 5 per cent level Avhen used at coiu'cnti’ations of (>40 and 
160 p.p.m. At 20 ]).p.m., only levulinic atdd results were not considered 
signifi(*ant. Most significant results Avere (htained witfi 7 -naphthalcne acetii*. 
acid and 2,4-dichlorophenoxy at'Ctic aidd. 

To obtain information as to the effectiAxmess of ^-najihthalene acetic acid 
at several strengths in dust form, concent]*ations of 10, 20, 40. 80, 160, 320, 
and 640 p.p.m. were tested. Each of 7 bean plants was dusted Avith a differ¬ 
ent concentration of the hormone, and -‘iiother iilant Avas dusted Avith Pyrax 
to serA^e as a check. This group (»f 8 jdants Avas subjected to gas in the 
chamber. The ])ro('ednre avhs reyilicated 8 times, and a change in position 
of the various treatments Avithiu the chamber Avas made for each successive 
replication. 

Figure 2. D, Avliich indicates the average number of abscisable parts 
retained by plants, sIioavs the ability of several a-na])hthal(*iu‘ acetic acid 
concentrations to prevent abscission. 

During the preceding experiments, it was obser\ed that the higlier con¬ 
centrations of a-iniphthalene acetii' acid and 2,4-dichloroj)henoxA’^ acetic acvid 
caused virus-like symptoms of vein-tdearing, distortion, and dAvarhng of 
bean plant leaflets. Sim^e tliese observations Avere of plants Avhicli had Ixxni 
placed m the gas • hamber, tests Avere made to iiroduce such symptoms, if 
possible, on liormoiu'-dusted plants permitted to groAv in the greenhonse 
withont being siibject(*d to the gas ehamber. 

Each ('f 16 AAax bean iilants containing a single trifoliate Avas dusted Avith 
a 4-graiii sample of dust. Two plants received either a-naphthalene acetic 
acid at 10, 20, 40, 80, 160, 320, 640 |).p.m. or Pyrax. Aft(*r treatment these 
idajds were permitted to groAv until all had trifoliates, at AvhicIi stage obser- 
Aations Avere made for possible damage. 
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Plants dusted with a-naplithalene acetic acid at 640 p.p.iu. showed vein- 
clearin*’:, distortion, dwarfinjr, and a darker ^reen color of the leaflets of the 
third to se^'enth, inclusive, ti*ifoliates on 1 plant and third to eij^hth, inclu¬ 
sive, on the other (Fi«*. 1, B ). The plants dusted Avith the 320 p.p.in. concen¬ 
tration were similarly, though slij^htly less, affected on the third to fifth, 
in(*lusiv(‘, trifoliates on 1 plant and fourth to eijihth, inclusive, on the other. 
The 160 p.p.in. concejitration produced a sli<i'ht tendency toward these symp¬ 
toms in the third to sixtli, inclusive, trifoliates. The other concentrations 
of the hoiunone and Pyrax did not cause these symptoms. 

Parallel exjieriments Avith 2,4-dichlorophenoxy acetic acid produced 
symptoms similar to those obtained with a-naplithalene acetic acid when the 
former Avas used at 640 and 320 p.]).m., but the 160 p.]).m. concentration did 
not pi’oduce the symptoms. 


'r.VBLE 3. —(■(rniparison of ahsris.^Um prf rrntion (judUlies of five hormones at iiiO 
p.p.m. 





A)>s(‘isHioiis 




1* 

NA 

LA 

DPA 

1>C1P 
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(>40 

640 

640 
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640 

1 

5 

0 

.3 

0 
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6 

2 

4 

o 

1 

0 

0 

4 

;; 

5 

0 

4 

0 

0 

.5 

4 

4 

0 

0 

0 

0 

2 

T) 

() 

0 

4 

0 

0 

1 

() 

j 

(1 

4 

0 

0 

o 

Total . 


2 

16 

0 

2 

20 

Av(‘ra>j;(“‘ 

0.17 


‘2.67 

0.0 

0.33 

3.33 

M.S.I). at o poi 

• (‘(‘lit level- 

— i.oO (ineain; 

: at 1 per ( 

i-eiit h'vel— 

2.05 (mean) 



Symptoms similar to those ]>roduced nn Avax beans occurred on Hender¬ 
son Bush Lima beans when they Avere dusted Avith a-naphthalene acetic acid 
at the same ('On(»entrations. Each plant Inul deAXtlojied 2 trifoliate leaves at 
tlie time of dusting. The 640 p.]).m. hormone dust produced the symptoms 
on the succeeding’ 5 trifoliates of 1 ])lant, and on 6 of another. Slijz:htly less 
evident Avei*e these syii^.ptoms on the succeediin^’ 2 and 3 trifoliates of 2 ])lants 
dusted Avith the 320 p.]).m. concentration. 

Tlie tests sIioav that these symptoms move upAvard into the developing' 
trifoliates. These A'irus-like symptoms AAcre simihn* to thos(» reported by 
Zimmerman and Hitchcock (11), ami doubtless Avere caused by the hormone 
and not by a virus. Limited trials on viiais transmission Avere ue<»:ative. In 
all of the experimental work earrie<l out, no bean plants Avere employed 
Avhich developed mosaic. Scarcely any of the plants j>roAvn ft)r testing*’ 
showed mosaic SA’m])toms and in these occasional a])pearances none resembled 
tlie hormone effetUs. 

Insect-rncluced Abscissions Prevented hif Hormones. Durin^' the first 
Aveek of July, 1942, a survey of canniufi’ bean ])lantino‘s Avas made in Barron, 
Burnett, Polk, Rusk, SaAvyer, and Washbiu*n Counties of AVisconsin to deter- 
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mine tlie iiiseet sjx'cies most rihnndaiit on beans. Species most notice¬ 

able were: ])otato leafbopper, Empoasai fahac (Harris)—six-spott(‘d leaf- 


hopper, MacrofitdeH divisus (Uliler)—tarnished plant briji’, Lygus oblincatus 


(Say)—rapid plant bu?^’, Adriph 

or or is 

rapid US 

(Soy)-" 

-alfalfa plant bn^’, 

AdeJphocoris 

Jineolatns (Goeze) 

—^jKitato flea 

beetle, 

Epitrix 

cucunieris 

TAPLE 4.- 

-FU ld and gn t nhausc 

(rials irilh ft rding bg inscris on cniirc planfs in 

fall hloom, and hormoar IrvalmGnts in rtloiion 

fit bt ans produced 




IllS(*Cts 



Con ceil 

Total 

Date 

*S]K‘ci(*s 

Popu¬ 

lation 

Fecdyn^>-i 

tiilt' 

Plants tration 
XA 

1 leans 
produced 



-Yo. 

Dags 

No. 

P.p.ni. 

No. 

Fifld Iruils 







July ].y ’42 

Lgf/iis idjlin((t(ns 

12 

31 

;; 

70 

0 

do 

12 

37 

3 

0 

i 


Fuipoasca fahac 

30 


3 

70 

12 


do 

30 

»> 7 

3 

0 

12 


Xone 

0 


3 

0 

15 

duly 12, ’43 

L. ohlineains 

18 

23 


SO 

10 

do 

IS 

2") 

3 

so 

0 


do 

18 

25 

3 

0 

8 


F. fahac 

40 

25 

3 

so 

12 


do 

40 

25 

3 

80 

13 


do 

40 

25 


0 

13 


Macrosfries di pIsgs 

40 

‘*5 

3, 

80 

IG 


do 

4(» 

25 

3 

80 

IG 


do 

40 

25 


0 

l(i 


Xonc 

0 


M 

0 

14 


do 

0 


3 

0 

17 

Grt enhoptit' (rials 







May "), '4;> 

Ij. (fhlinral 

/ 1- 

i 25 

3 

10 

8 


do 

1 i 

\ 

) 25 

3 

0 

G 


Xone 

0 


3 

0 

11 

Xov, 30, ’43 

L. (>bltn( at ns 

(:k. 

\ 20 

o 

80 

4 


do 

/ 20 

3 

0 

1 


Xonc 

0 


2 

0 

1 1 

Oct. 11, ’44 

/>. ohlint af ns 

( -r, 

i 4 

4 

SO 

12 


do 

1 

/ 4 

4 

0 

10 


do 

f 'r, 

\ 4 

4 

80 

10 


do 

r’" 

/ 4 

1 

0 

7 


Xonc 

0 


4 

0 

20 

X^ov. 18, ’44 

L. ohlin/atns 


\ '2 

12 

1 GO 

4 


do 

/ 2 

2 

0 

4 

Xoc. 23, ’44 

L. ohlint a! ns 

f 1- 

\ 8 


80 

- 


do 

r' 

1 

;; 

0 

4 


a Inserts eoiild feed oi; tlie entire f.. rial juirts (d‘ tlie jdaiits. 

i>Tlie 17 insects Avere free to feed on all G plants. The brackets indicate' a siiiiilar 
situation In other trials. 

(Harris)—striped flea beetle. S'l/.v/f;/« tdcninlu (Sa.v)—spiiiaeli flea beetle, 
Dixonjichd, Tddthoiixidnid (Daliiuiii)—si)i)it(‘d eiieiunber beetle, Dialiroiira 

duodecimpnnddtn (F.)—striped eneiiiuber beetle, Didhroiicd villdld (P.)_ 

beau leaf beetle. Gerdtoma Irif iircdta (Foust.) —bean apbid, Aphis rumieis 
L,—leafbopper, Polydinid hiimicds (Sa.v). 

Tlie first 5 species were the most prex aleut. They feed b\' suekin<r plant 
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and the daiiui<»e is usually not noticeable until considerable injury 
lias been accomplished. Tlie feedinji*’ of some plant buiLis (Miridae) has been 
associated particularly with the blastinji' of blossoms. Such insects, esjie- 
cially tbf‘ tarnished plant bu^, rai)id plant bug, and alfalfa plant bug, nere 
usually found f(*eding on or near the blossoms and small beans (Fig. 1, D). 
The effect of' svudi feeding appears in figure 1, C, ^vbere the plant at the left 
has lost buds and blossoms and has small and more or less distorted leax'es 
in tM)mj>arison with the hormone-dusted ])lant at the right. 

To as(‘ertain injury to wax bean jilants caused by tlie most abundant 
insects inhabiting the bean foliage in tlie field, viz., potato leaf hopper, six- 
s|)otted leafhopjier, and tarnished plant bug, thes(^ insects were collected 
according to species and caged on healthy plants in the field and greenhouse. 
Incorporated in the trials were plants dusted with a-na|)htiialene acetic acid. 
S])ecifi(i insects were caged also on these j)lants to determine if the hormone 
might control inseci damage. Wire cages with a caiiacity of 100 liters were 
used in the field; and in the greenhouse, wire cages with a capacity of 425 
liters. 

Table 4 presents \hv data secured from field and greenhouse trials relat¬ 
ing 1o 1 educed bean yi(dds caused by some insects and the pre\ ention of some 
of the damage by hormone dust treatments of the plants. \"ery few of tlie 
inseits wei’o alive at th(‘ end ol* the longer feeding jieriods. 

These inseit studies on entire plants indicated that Mtfcrustdf.s divisus 
had no detrimental elteid, tliat Evipoasca fahae iiad some aside from hopper- 
Inirn, and tliat Lfpjus ohlhuatiis had considerable. This effind of L. ohline’ 
afus appi'ared (Fig. 1, C) on the leaflets as reduetion in size, wi-inkling, and 
mottling. It appeared on the fruiting parts either as bnd, blossom, or pod 
di'oj), or as malformation of jxxls retained, with residting reduction in yield. 
Some of tliis damage was reduc(‘d by dusting tlie bean plants with 7 -naplitha- 
Iciie acetie acid. 

To determine results of insect feeding in loealized areas of tlie plants, 
small numbers of tarnished plant hugs were caged on wax bean blossom 
( lusters by means of a small paper bag, or were caged on a stem from 1 to 2 
imdifs l)(*low the basal attachments of blossom pedicels. At 24 to 48 hours 
pre(/eding tlie plaeemeiit ol* ius(»cts, some of the beau plants were dusted with 
or-ua]>hthaleiie ai'Ctic acid and the others with Pyrax. After varying lengths 
of time, the iuseids were removed, and the ultimate production of mature 
beans was recorded. lb*feren(‘e is matle to these trials in table 5. 

The feeding of tlie tarnished ])lant bugs on wax bean blossoms will cause 
the lilossoms and small beans to blast, thus a reduced yield of beans. This 
iiis(’ct ma.\' also cause blossom and small bean blasting, and a resultant 
reduced yield by feeding on that part of a stem between 1 and 2 indies below 
tiie basal attaidiment of jiedicels liearing blossoms. Bean plants were dusted 
with a-naphthalene acetic acid before these insects were allowed to feed, and 
tlie redvudion in yield was not so great as with those untreated. Beans from 
niitreated ])lants were more apt to be malformed and small. 
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TABLE o — Grcmliottse frialf< wiih fertjinff h}/ a iHipulaiion of three Lygus oblme- 
ains on flotvrr ports, and Jtornwnr trratmenls in relation to hcajiS produced 


Date, 

Ee(Hling 

Bean 

plants 

(Tuu'entr.a- 

Beans 

1944 

time 

Blossiuns 

Pl.ants 

tion NA 

produced 


Urs. 

:v/>. 

AT). 

P.p.rn. 

No, 

Insects frrding on 

hloss/nns'‘^ 





Aov. 10 . 

27 

0 

o 

160 

o 


27 

t) 


0 

1 

Xov. 10 

73 

9 

,3 

80 

3 


73 

V 4 

3 

0 

») 

Aov. 23 

120 

9 

.? 3 

80 



120 

9 

• 3 

0 

o 

hisecls feed in// on 

stt nis^> 





Nov. 20 

144 

0 

O 

80 

3 


144 

0 

O 

0 

1 

Nov. 24 

90 

9 


80 

4 


90 

9 

3 

0 

•>) 

Nov. 23 

120 

9 

3 

80 

•I 


120 


3 

0 

1 


Entire blossuin ('luster ('Oiitaiiiinjj 3 blossems. 

>> 8tein supporting 3 pedicels, each bearing 1 Idossoni. 

Bean Yields Increased in 1912 hg Ilonmntes. Yields of beans following 
application of o^-naiditbalene aeetie arid dust at 140 p.|).iii. in 1942 (see 1 
and 2) are sliown in detail in table 6 as an exain])le of the proeedure. The 
treated plants liad an iiun’ease in yields of 18.4 ]>er (‘(*nt over the untreated. 
This figure is designated as i 18 in suniniary table 7, where the results ap])ear 
from different ('oneentrations and eombinations, from two varieties, and 
from two methods of application. Apjdii'ations to Hound Pod Kidney Wax 
Beans of or-na[)hthalejie acetic acid a dust at cither 70 or at 140 i).p.m. with 

3\\BIiE e^.-Y ithls of lYo.r brans from rt f$r>srnfaliv<' hormoiK trt at<tl and nntnatid 
blocks at Earl, IVisctaisin, in 1042 


Trontiiicnt mid 

])ii hiug dut( ^ 

O'. 

Dust treatiurnt—\J 14<f p.p.rn. 


.Tidy 31. 100 

A\ig. b His 

Aug. n 04 

Aug. 17 04 

Aug. 21 ::4 

Total . 420 

'No ireatnunt { controls) 

July 31 Pli 

Aug. 0 . 124 

Aug. 11 04 

Aug, 17 30 

Aug. 21 20 

Total . 330 


18 per cent increase ovi'r untreated. 


ield in 

replicjites 


M^ital 


3 

4 

y it* Ids 

(t:. 

Oz. 

(h. 

Or. 

12s 

112 

140 

480 

170 

104 

190 

704 

30 

44 

04 

228 

4S 

48 

40 

20e 

12 

12 

12 

00 

420 

380 

432 

1072« 

SS 

84 

08 

332 

1 70 

108 

144 

012 

32 

32 

40 

208 

32 

40 

32 

200 

10 

12 

12 

60 

3S4 

330 

310 

1412 
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insecticides, respectively, increased yields ol 17.8 and 15.6 per cent, 
which appear as 18 and 16 per cent in table 7. The addition of pyrethrum 
and cul)e to the hormone dust at strengths employed did not significantly 
influence the yield, probably because they did not adecpiately control insects. 
None of the sprays was significantly beneficial, and some were harmful, 
possibly because the for(*e of the spray knocked off some blossoms, and be¬ 
cause the hormone was not present in a suitable form. Murneek, Wittwer, 
and Hemphill (8) have reported beneficial as well as detrimental results 
from spraying snap beans with hormones. As explained earlier, the strength 
of the treatments was rapidly reduced in every case by rains that came some 
hours after the treatment. 

It is possible that a-naphthalene acetic acid may be specific for various 
bean varieties, similar to its varietal specificity in preventing pre-harvest 

TABLE 7.— Total yields of beans expressed in percentage increase or decrease over 
chech from the dust and spray plots of Wax and Eefugee beans 


Treat III ents 


Percentage increase or decrease 
over check“ 


Wax beans Rcftigee beans 


Dusts 


(NA 140 p.ji.iM.) 


+ 18 

+ 

8 

(NA 70 p.p.m.) 
(XA 140 p.i>.ni., p 

vrethrina 0.2 per 

+ 18 

+ 

9 

cent t rotenouc 0, 

.5 per cent) . 

+ 16 

+ 

3 

Sprays 

(NA 7-k p.p.ni.) 


+ 3 

- 

4 

(NA 5 p.p.m.) 


+ 4 

- 

11 

(NA p.p.m.) 

(NA .5 p.p.m., p^y 

rethriiis 0.2 per 

+ 1 

+ 

7 

cent + rotenone 0.5 per cent) . 

+ 8 


0 


a Untreated controls in Wax bean dust jdots yielded 4805 pounds per acre, in Wax 
spray plots 5064 j)Ouiids, in Eefugee du.st ])lots pounds, and in Eefugee spray plots 
8465 pounds. 

apple drop as reported by Hitchcock and Zimmerman (7). This may ac¬ 
count for tlie small in(*r(*asc in yields of hormone-dusted Refugee beans. At 
the same time tliese beans are later and may not be subject either to the 
insects or hot weather that favor blossom drop. 

These data did not sliow whether the increased yield in hormone-dusted 
plots was due to production of more beans or of larger beans. Consequently, 
in every case a sample of 100 ounces of beans from each replication of each 
treatment and from each cheek after each picking Avas passed through the 
canning factory mechanical grader. Records were kept of Grade A and 
Grade B beans, the former being the smaller, higher-grade beans. 

The average percentage of Grade A beans was 51 for the check and 54, 
55, and 55 for tlie respective dust treatments, which employed the hormone 
and which averaged about a 17 per cent greater yield than the check. Appar¬ 
ently a larger number of small beans occurred in the hormone-treated pick- 
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ings tliau in the untreated. It seems (dear that the 17 i)er cent increased 
yield was due to more beans, rather than to larger beans. As is g(merally 
true with many plants, the more units of fruit there are produced, the smaller 
are tlie fruits. Smaller b(*ans bring* higher j)rices for canning. Since in¬ 
creased yields came from more beans of smaller size in comparison with the 
check, it follows that the treated plants retained more blossoms and beans 
than those untreated. 

Bean Yields Increased in 1943 hy Hormones, Due to the favorable re¬ 
sults obtained with a-Jiaphthalene acetic acid used as dust in 1942, labora¬ 
tory, as well as field, trials were made in 1943. Employing the information 
gained from testing abscission-preventing substance!^ under laboratory con¬ 
ditions with illuminating gas, it was possible to ari'ive at concentrations of 

TAHLE 8.— Yields'^ in ounrrs of 1Va.r‘ hcans from a-naphthalenc acetic acid dust plot 
at Early Wisconsin, in 1043 


P»caTis from plants treated witli a-uaplithaleiie acetie arid dust at 

40 ]>.p.ni. 80 p.p.m. 

Picinng dat(? .- - --- - - - - 

R(‘pli('ates Ueplieates 

1 2 ;i Total 1 2 3 Total 


Oj. Os, Os, ' Os. Os. Os. Os, Os, 

July 27 . 84 23 39 96 31 32 30 93 

Aug. 1 . 90 108 116 320 113 86 116 315 

Aug. 5 . 40 41 77 158 78 81 63 222 

Aiig. 9 . 44 57 77 178 44 57 . 84 185 

Aug. 14 . 25 17 81 123 25 29 60 123 

Aug. 25 . 49 31 60 140 33 46 34 113 

58ept. 9 . 127 117 80 324 57 70 24 151 

Total . 415 394 530 1339 381 401 420 1202 


a Total yield of UTitreated beaus was 1073 onnees. With the hormone at 40 p.p.m., 
there was a. eliange of -f 24 per cent, au l at 80 p.p.m., +12 per cent, which figures appemr 
with the results at Earl in table 9. 

partieiilar plant bormones most dt^sirable for use in field trials. Because of 
the larger number of materials and eon(*entrations ^'mployi'd, there were only 
3 replications in the 1943 field plots. 

^ iolds in ouiie(_\s of beans picked from the various replicated experimental 
plots wen^ recorded as before. A part of the detailed data secured is pre¬ 
sented in table 8 as an exainph+ 

During this season various difficulties appeared For accurale record 
taking. The larger size of the plots and ehanging personnel made it impossi¬ 
ble to have one picker take an entire replication as in tlie previous year. 
This acconnts for at least a large part of the increased variability of results 
ov(\r those secured the ])revious year. 

Tlie results of these 1943 trials a.pi)ear in summary form in table 9. An 
analysis of varian(*e on the data Indicated no significance at tlie 5 per cent 
point 111 the plot at Bice Lake. However, there was significance in results 
at Earl, and also in results from these 2 plots when taken together, for the 
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beneficial elfect of a-naplithalene acetic acid at 40 p.p.m. and at 80 p.p.m. 
The detrimental effect of this acid at 160 p.p.m. in dust and at all concentra- 
tions in sprays was apparent. None of the otlier sidistances ajipeared par¬ 
ticularly p:()od or bad. 

The poor showin^j^ from the sprays was eansed in ])art by the meclianical 
damaj^e from the hij.di pressure (125 lb.) which knocked off many blossoms 
and small beans. This is apparent since the yields from beans spraj’^ed with 

TABLE 9.— Sumniarif of pcra n iage incrmso (H ) or dccrea-^e (-) in yields produced 
by Wax beans treated with hormones in IV fo 


used 

Amount of 
Lonnonc 

Results with Avax 
beans at 


used 

Eiirl“ 

Rice Lake® 


l\p.ni. 

Per cent 

Per cent 

Dusts 

a-Nnplithal<‘ii(' nootje acid . 

40 

4- 24 

4-14 

do . 

80 

4 12 

4- 8 

do 

160 

-17 

- 1 

2,4*Dicliloro])lierioxT ac'ctk arid (No. 1) . 

20 

- 5 

- 6 

do 

40 

-13 

4- 8 

do . 

80 

4 2 

4- 1 

2,4-T)icdiloropli(*rioxy aret ir acid (No. 1) 4-pyrctli- 

nils 0.2 TXT cent 4 r^dciione 0.5 T»er cent . 

20 

-10 

- 1 

do . 

40 

- 4 

- 1 

do 

80 

4 1 

- 5 

2,4 Dicliloropbenow acetic acid (No. 2) . 

40 

- 11 

4- 9 

2,3,5-Triiodobenzoic acid . 

40 

- 9 

i 13 

do . . 

80 

4-10 

- 10 

do . 

160 

- 1 

4- 4 

p-Clilorophenoxy acetic acid .. 

40 

- 5 

0 

do . 

80 

+ 3 

- 3 

do . 

160 

4- 7 

-10 

Txn'ulijiic acid .. 

40 

4- 6 

- 4 

do . 

80 

4 3 

4 4 

do 

1(50 

-10 

4 1 

Pyretlii'iiis 0.2 per c(Mit 4 roteiionc 0.5 pm* cent 

0 

4- 3 

0 

Entreated controls 

0 

0 

0 

Sprays 

a-Naphtlialeue acetic acid 

40 

-27 

-23 

do 

80 

-35 

-42 

do .. 

160 

- 62 

- 60 

Pyrethrins 0.2 ])er cent yrotc'none 0.5 p«*r cent . 

0 

- 29 

-14 


a ITritrented eontrols in dust j)lot yielded 3540 pounds per nere nt Earl ;uid 5185 
I)ounds per nere nt Kiee Lake. 

jiyretlirnm and (nibe, as well as those from beans s])rayed witli a-naphthalenc 
acetic acid, were si«iiiificantly less than from nns]n-ayed beans. As the con¬ 
centration of a-naplithalene aeetii* acid in s})rays was increased, the yield 
of beans was d(M‘reased. Leaflets of jilanls sprayed with a-naj)hthalene acetic 
acid also showed tlie appearaiK^e of crinkle, curl, and mosaic and thus resem¬ 
bled virus symptoms. 

The differenc(* in resnlls secured with a-naphthalene acetic acid at 160 
p.p.m. in 1943 and at 140 p.p.m. in 1942 is not particularly surprising. The 
actual situation was that in every case in 1942 a rain followed the treatment 
















520 


Phytopathology 


I V^OL. 86 


by some hours, Avliieii (loubtless either greatly reduced the effective concen¬ 
tration on the plants or j)revented it from acting long enough to be very 
damaging. 

The results in demonstration trials, described earlier, appear in table 10 
which lists the yields of the Round Pod Kidney Wax Bean plot at Earl, and 
the No. 2 Sensation Wax Bt‘an plot at Barron, Wisconsin. Since these trials 
were not replicated, results are not of too much significance exce})t to com¬ 
pare with the results fr*om replicated ])lols. Tli(‘re was an increased yield 
of 15 per cent from the treated plants over untreated at Earl, and a 26 per 
cent increase at Barron. 

As in 1942, grade j-ecoi-ds were kept of the 194^ yields from the specific 
treatments and checks. Tlie average j)er('(^iitage of Grade A wax l)eans from 
the Earl dust f)loi was 68, 71, 67, and 70 for the NA 40, 80, and 160 p.p.m. 
treatments and the check, respectively; tlie Rice Lake Grade A percentages 

TA ItLE JO,- Yh lds of H'or hoans from dt nion.stratiotoil plots in li}i3 


Location 

Treatirnnit 


Yields from pickings 

Total 

Y-ield 

near 

1 

o 

3 4 

yields 

increnso 



Oz. 

Oz. 

Oz. Oz. 

Oz. 

Far cent 

Earl 

NA dust 80 p.p.m. 

-72 

472 

240 

084 

15 


None 

224 

4J0 

216 

854 


Barron 

NA. dust 80 p.p.m. 

336 

73(5 

512 J12 

1(506 

26 


None 

288 

640 

336 80 

1344 



were 84, 81, 83, and 85 in the respective cases. Tlie slight differences in per¬ 
centage of Grade A beans aTe not signifi(*ant, thus one can only (‘onclude that 
the sieve size of beans from the various --naiihthalene actetic acid-treated 
blocks was about the same as from check blocks, and that increases in yields 
ot from 8 to 24 per cent must be due to iiroduction ol* more beans rather than 
larger beans. 

DISCISSION 

The railing of buds, blossoms, and small pods has been a serious problem 
for some time, not oidy witli beans, but with various other plants. The con¬ 
spicuous success in the prevention of fall of ayiples (5) is Avell known and 
has pointed the way for continuing studies with other crops. 

So far as the writers are aware, this paper presents the first evidence that 
eertain kinds of damage from insects can be counteracted by hormones. 

Among the difficulties Avith these lines of work have been (1) the limited 
iseason during Avdiich blossom drop or related phenomena could be studied 
out-of-doors and (2) the variability in seasons, which has handicapped 
•quantitative duplication of i-esults. Both have inhibited rapid progress in 
this important field. 

To overcome these difficulties, avc have induced the formation of abscis¬ 
sion layers rapidly and at, will by treatments with illuminating gas. This 
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tecliiriqiie was used for the first tiiue, as far as we are aware, in our screeninj:? 
tests with various chemicals/ It seems to have applications considerably 
broader than those employed here. However, we do not imply that the for¬ 
mation of abscission layers und(*r the influence f 1) of liigh temperatures and 
lon^ days, (2) of atta(*ks by certain insects, and (8) of illuminating? gas, not 
to mention natural maturity, are all nec'essarily identical |)rocesses. Never¬ 
theless, the prevention of abscission layers, formed in association with these 
several influences by a-naphthalene a(*etic acid, suggests that these processes 
are at least closely rcdated. 

Many comparable problems, such as failure of pod set with lima beans 
and alfali'a, might be approached with technicpie similar to that used here. 
With experiments to rep(d or to kill certain injurious insects, one might 
include also materials that would counteract their damaging effect. It might 
even be pertinent to incjuire whether the beneficial effects with apples came 
entirely from the prevention of abscission layej*s associated Avith natural 
maturity or whether insects might also be helping to hasten the abscission. 

The reason for tlie effectiveness of dusts and the poor results with sprays 
is rather obscure. Part of the trouble with the sprays came from tlie (‘xces- 
sive pressure employed, which mechanically knocked off some blossoms. In 
addition, it appears that the hormone came into more intimate (contact with 
tlie plant, all at once, and then the c'ffect was OA’cn* soon. Possibly the dust 
has tlie advantage of a less vigorous reaction at the time of application and 
of a longer duration of the effective, treatment. Mvu'h more hormone can be 
used in dusts than in s])rays. Tliis is fortunate since dusting equipment is 
more practical for treating this cro]>. 

The advantage is ajiparent of having a high ])ercentage of the blossoms 
set on a single stem. For example, a large number of beans will compete 
against one another and will pi'obably all be in the smaller, high quality, 
Grade A class. If a smaller number of beans set, they will grow more rapidly 
between pickings aiul may easily reach a larger, less desirable, Grade B size. 

The strength of application is obviously critical. When tlie a-naphtha¬ 
lene acetic* acid was used at 140 ]).p.m., folloAved by a rain, it was valuable, 
but the next, year when no rain followed, a slightly greater amount (160 
p.p.m.) was detrimental. Probably 40 to 80 p.p.m. is better for outdoor 
apxilication. Much less is effective in a greenhouse wliere there is little wind. 

When too much (diemical is applied, various t.\ pes of injury may be 
se(*ured, including reduction in yield. 

The similarity in activity Ixd.weeii the a-Jiaphthalene acetic acid and 
many other substances, c.r/., 2,4.dichloroi)henoxy acetic acid, suggests that 
various other chemicals and otlier methods of applications are worth investi¬ 
gating. 

While we have secured good results with some of these hormone dusts, 
we recognize the xiresence of several variables in any commercial bean fields. 
For this reason the reader will wisely make trials of his OAvn. 
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SUMMARY 

Bud, blossom, and small pod drop of ('anniiif^^ beans lias reduced the yield 
in Wisconsin, durin<? hot weather and following** attacks by various insects, 
especially Lyf/us ohlintahis. As control measures, various hormones were 
employed to prevent the formation of abscission layers and subsequent loss. 

In laboratory screeniuj^* tests the formation of abscission layers w^as in¬ 
duced easily and at will by exposure of the bean plants to illuminating’ gas, 
1 part in 135 parts of air, foi* about a day at 84‘^ to 86^ P. Among the hor¬ 
mones tried, a-najihthalene ac(dic acdd and 2,4-dichlorophenoxy acetic acid 
were tlie most promising against abscission layer |yormation. 

Wlnm used too strong, these hormones not only jirevented the formation 
of ahscission layers, but also induced vein clearing, distortion, and dwarfing 
of leaflets, wliicdi might be confused with virus symptoms. Tliese symptoms 
commonly appeared in trifoliates developing alter treatments, the number 
btung influenced by the concentration. 

Lygus ohlmeatiis induced bud, blossom, and small bean drop, and dis¬ 
torted and dwarfed the small leaflets of caged plants in the greenhouse. 
Some of this loss was prevented by dusting witli a-naphtlialene acetic acid. 
Similar results were secured in the field. 

About 18 per cent increase in yields of field-grown wax beans was a(*com- 
plished in 1942 with 2 a|)j)lications of dust containing a-na|)litlialene acidic 
acid at 70 p.p.ni. in one case and at 140 p.p.m. in another. liain followed 
each application. Dust on Itcfngee beans and si)ray on b()tli Eefugei* and 
wax beans were not helpful. Sprays were usually detrimental. 

Mure extensive trials in 1943 showed 24 and 12 per cent yield increase, 
respectiv(‘ly, of wax beans with 2 applications ot dusts containing a-nai)htha- 
lene acetic acid at 40 and 80 ]).]).m. but they showed a decrease with dusts 
at 160 p.p.m. and witli sprays No rain tollowed these trials. The inert^ase 
in yield was due to a greater number of small high grade lieans rather than 
to larger beans. 

Similar results ha\’e been secured in demonstrational plots. 

Departments Economic Entomology 
AND Plant Pathology, 

LlNivERsrPY OF Wisconsin. 
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LESPEDEZA ANTHRACNOSE^ 

J . 1j . We I M E K 

(Accepted for j)ublication March 22, 1946) 

INTRODUCTION 

In the autumn ol: 1941 considerable leaf spotting and defoliation of some 
volunteer lespedcza plants were observed at Experiment, Georgia. A later 
survey showed that this leaf spot was w^idespread in lespedcza fields in 
Georgia as Avell as in parts of North and Soutli ‘fyarolina. Later the same 
disease was reported to the writer by Drs. H. W. Johnson and C. L. Lelebvre 
as having been found in Virginia. Although the disease is rather widespread 
and seedlings may be stunted or killed during the spring and early suinraer 
months and sometimes many leaflets may be lost, stands are never seriously 
depleted. So far as the wTiter is aware, this disease lias not been reported 
or described heretofore. 

SYMPTOMATOLOGY 

The disease is most conspicuous on the leaflets, on wdiieh there may be few^ 
to many lesions. In nature the number of lesions usually is small; often 
there are not more than one or a f(‘w on a leaflet. The spots vary in diameter 
from less than one mm. to one-half cm. and often are half the width of the 
infected leaflet. The lesions usually are somewhat circular or elliptical but 
may be angular when delimited by veins or at the tips or margins of the 
leaflets (Fig. 1, A). Any part of the leaflet may be infected, lesions often 
being found at the apex, along the margins, or on the midrib or otlier veins. 
The midrib or smaller veins may be attacked without the surrounding tissue 
being involved (Fig. 1, B) in which case the lesiojis are linear with the longer 
axis parallel to the vein. On the petioles and stems the lesions vary from 
circular to linear and usually remain small except on the seedlings where the 
entire diameter of the stem may be involved for some distance (Fig. 1, C, 
2, and 3). The lesions, which arc apparent on both sides of the leaflet, vary 
somewhat in color but commonly approach bone brown above and dark olive 
below (2). At first the siirronnding tissue is the normal green, but very 
soon it becomes pale lemon yellow^ to apricot yellow^ and driers to some shade 
of light browui, often approaching olive-ocher or honey yellow. The margin 
(Fig. 1, A) may involve half or more of the width of the leaflet; in fact, it 
may actually involve more of the tissue than the dark area. One lesion often 
is sufficient to^cause the leaflet to drop; and, when many leaflets are affected, 
considerable defoliation may result. Brownish setae, approaching black 
under the band lens, frequently are visible on one or both sides of the lesion. 
The lesions most commonly originate between the veins but frequently 

^Oooporative investigations between the Division of Forage Crops and Diseases 
Bureau of Plant Industry, Soils, and Agrieultural Engineering, Agricultural Research 
Administration, United States Dei.artment of Agriculture, and the Georgia Agrieultural 
Experiment Station, Experiment, Georgia. Paper No. 143, Journal Series, Georgia Agri- 
<vultural Experiment Station. ^ ^ 
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Fifi. 1. A. Volinitoor aTiiiiiMl lespedoza leaflets bearing anthracnose lesions resulting 
from natural infoetion. The upper and lo\v(*r rows of leaflets illustrate the appearance 
of the lesions on the upper and lower sides of the leaflets, respectively. The midrib may 
or may not limit the spot. The leaflets that appear light (upper and lower extreme right) 
W(‘re vadlowish y B. Kobe lesiiedeza leaves with antliracnosc lesions resulting from 
imxMihition and 2 healthy control leaves at the left. The up}>(‘r and low(‘r sides of the 
leaflets are shown in the upper and lower rows of leaflets, respectively, photographed 
fl days after inoculation. xlf. C. Stems of Kobe lespedeza with numerous black 
anthracnose h'sions, resulting from inoculation, somewhat obscured by the very hair} 
surface, x 2.7. 
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Fig. 2. Kolic lespedc^za socdlinj's. HealtliY cojitrol at the loft, 4 inoculatial plants 
at tlie rififlit, and 4 inoculated loallots at tbo lower center. Photographed 0 days after 
inoculatien. 1.6. 

involve an adjoeenl vein which then may be s]ij!,htly more reddish than the 
reiriain(L:r of the s]iot. 

ETIOLOGY 

Isolations and Inocidations 

From lesions on leaflets collected at several places a fungus with the 
chai'acteristics o.t* a Collrfotrichum was commonly isolated. The fnnj>^i]s was 
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studied in pure (uilture, and inoculations were made to prove its patlio- 
‘ienieity. 

The initial isolate formed perithecia sparinf»ly in culture and at first 
failed to produce couidia.. Only a few spores were available, and tlie first 
inoculation tests j?ave nej^ative results. Since the ascospores in culture 



Fig. 3. N:iliirMlly iiifocted lospedoza socdliiigs from ;iii cxpcrimoiitMl plot. Photo 
Mny I), P>44, ’ Tlu' (*ro\vos, some of tlo' Inrgor fibrous roots, tho stciiLs, nnd some 
loMilots li.ud th(‘ cdiamctoristic Miithnu-iiose lesions. Tho so(‘dliujj: ut the li‘ft was about 
normal size rillhouj^h it had :i few small losi»uis. Note tho l)laokmiod bases of tlie stems 
and the lesions bigher up (ui the stems. The. j.laiit at the ('xiremo ri^ht has a lesion Just 
below the eotyledonary node and 2 h»\v<*r d(»\vn. The next plant at the left has a lesion 
just above tbo eotyledoiis. xiy 

resembled those of Glomcrclla cingulata, it was thouRlit that if the finigns 
would deeay apple it mijrlit be stimulated to a liif^her state of sporulatiou. 
In order to test this supposition two AViiiesap apples were inoculated. The 
apples were disiiifeeted for 5 minutes in mercuric chloride (1—1000) and 
then were washed iu sterile tap water and placed in a sterilized moist eham- 
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her. Mycelium from a i)ure line culture was inserted into a wound made in 
each apple with sterile tweezers. Two other apph^s were treated in the same 
manner excei)t that they were inoculated Avith a culture of Glonicrella cingu- 
lata from apple, and two others serviiif^ as controls were disinfected and 
wounded but not inoculated. The apples were held at room temperature 
(15"" to 24° C.), and the decay pro^^ressed sloAvly. Pinal obserAmtions made 
after 6 weeks shoAved that the a])ples iiioculated with the funj^us from lespe- 
deza were entirely de(*ayed, Avliereas those inocnilated with tlie fungus from 
apple Avere only about two-thirds de(*ayed. Tlie controls remained healthy. 
The fungus from lespedeza Avas recovered fro/u tlie apple and used for 
furtljer studies. On the apple it produced acervnli in Avhich conidia were 
formed in great abundance. lakewise the reisolate sporulated fairly well on 
corn-meal agar and especially well on sterilized, green-bean pods. 

On dune 1,1943, spores from corn-meal agar Avere atomized onto lespedeza 
plants about 2 inches tall Avbich then Avere Ijcld in a moist chamber for 48 
hours along with comparable noninoculate<l plants as controls. No infection 
was apparent for about 72 hours at which time numerous minute broAvn spots 
appeared on leaflets and stems. None ol‘ the controls Avas infected. Six 
days after the inoculations were made leaflets were yelloAving and falling, 
stems had been girdled by typical brownish cankers, and that portion of the 
plant above the girdle was dying (Pig. 2). As in nature, one spot ptwed 
to be sufficient to cause a leaflet to fall. Although stems become more resis¬ 
tant with age, a single lesion on a very small stem may girdle it and dAvarf 
or kill a young plant. 

At the time this work was in progress, 2 other isolates of GlomereUa 
cingulata Avere being studied, one from (Jlnunarcrista (6) and one from 
lupine (5). On July 13,1943, these 2 isolates, together Avith tlie fungus from 
lespedeza and a cidture of Glofncrella cingulala from apple, Avere used to 
inoculate Kobe lespedeza plants about Id inches tall and growing in 6-inch 
pots. The jilaiits Avere atomized with a heaAW suspension of spores from 
culture, held in a moist chamber at 28° to 33° C. for 24 hours, and tlum 
placed outdoors under a cloth shelter. The first evidimee of infection Avas 
seen after 48 hours on plants inoculated Avitli the fungus from lespedeza. 
Many more spots were evident the folloAving day, and after 4 days the leaf¬ 
lets were thickly spotted. There Avas no infection on any of the plants 
inoculated Avith the other fungi or on the controls. By the sixtii day some 
of the heavily infected leaflets were turning yelloAV (Fig. 1, B) and falling 
and many stem lesions Avere present. The fungus was reisolated from some 
of the leaflets and the pathogenicity of the reisolate proved. This experi¬ 
ment not only proves the pathogenicity of the fungus from lespedeza but 
shoAvs that tlie patliogen differs parasitically from the isolates from Chamae^ 
crisfa, lupine, and apple. 

Ill auothei experiment seedlings of several lots of lespedeza were inocu¬ 
lated to test their eoinparative resistance to this organism. The plants used 
were growing in 6-inch pots in the greenhouse and were about 8 inches tall. 
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On October 7, 194^5, 11 difrei-ent lots of lespedeza were atomized with a 
lieavy spore suspension in sterilized taj) water, held in a moist chamber for 
48 hours, and then transferred to a cloth shelter outdoors. Plants in some 
of the lots were atomized with sterile tap water and held as controls. Infec¬ 
tion was obtained on the following lots of Lespedeza striata: (Common) P.C. 
22780- and FXl 81057, (Tennessee 76) P.C. 22664, and (Kobe) P.C. 22731 
and P.C. 30985. No infection was obtained on any of the strains of L, stipu- 
lacca (Korean) ; namely, P.C. 19601, P.C. 81480, P.C. 65280, P.C. 80888, and 
P.C. 19604; and none Avas obtained on the controls. This experiment sug¬ 
gests that the strains of L. striata are susceptible and that those of L. stipu- 
lacea are highly resistant. Pield observations have not confirmed this en¬ 
tirely as is shown by the following tentative classification based on ratings 
made on (experimental ]) tan tings in the field: 

Hiphly resist ant —(Korean) P.C. 81249 and s(dections 8 and 5 of P.C. 
81249. 

( Komin ) P.C. 19601. P.C. 19604, P.(^ 80888, P.C. 81481, 
and P.C. 81485. 

Sasceptihle —(Korean) P.C. 81480 and P.C. 81757. 

Very suscepUble-^~~{Ki)be) F.C. 22781, F.C. 80985, P.C. 22896; (Com¬ 
mercial Kobe) ; (Common) P.C. 81057 and P.C. 22780; and (Ten¬ 
nessee 76) P.C. 22664. 

Just why some of these strains that proved to be susceptible under field con¬ 
ditions did not become infected under exjarriimmtal conditions is not known. 
The field data indicate lliat, altlioiigh they vary in their resistance, the 
strains of Korean ai*e more resistant than those of Common and Kobe all of 
Avhich were rated very sus(‘eptible. 

Life History 

An attempt Avas made to secure some data on hoAv the fungus can be 
(^arried and how new infections are initiated in tlie spring. Pour hundred 
seeds Avere divided into 8 lots of 50 seeds each. Pour of the lots were })lanted 
in j)ots in steamed soil and Avithout treatment, as ('ontrols; 2 lots Avere dipped 
into a heavy spore suspension and then planted in steaimxl soil; and the 
2 remaining lots Avere planttxl in some of the same soil over the surface of 
Avhich a lieaAy si)ore suspension aa^s poured. The pots Avere all held in the 
greenhouse. The seeds Avere soAvn Peb. 8, 1944, and the seedlings were 
removed and examined March 7, 1944. Characteristic lesions were on the 
underground parts of the stems of some of the plants in the pots inoculated 
by pouring the spore suspension over the soil, and the fungus was recovered 
from some of these. A fcAv similar lesions were on the plants groAAUi from 
tlio inomdated seed. A very feAv were on the control plants. In neither of 
the latter groups, hoAvever, was the fungus re(*,overed from any of the lesions; 
hence, final proof of their exact nature is lacking. There was no doubt that 
the disease Avas reproduced by soil inoculation. 

2 The seed of all F.(^ lots wc'rti sui)i)lied by Mr. Boland McKee, Division of Forage 
Crops and Diseases, Plant Industry Station, Beltsvillc, Maryland. 
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Coiifirinatioji ol' the fact that the luiij^us eaii live in the Ksoil and attack 
the undei’jjrronnd parts of soedliiijxs in llie field is easily found. On May 6, 

1943, dead and dyinj^' volunteer lespedeza seedliniis 1 to IJ inches tall were 
found with ty]rical aiithracniose lesions on many of the leatlets and on the 
stems as well. Home of the stem lesions were sufficiently lar^e and deep to 
cause ^’irdlin^'; and plants thus jrirdled were dead, dyin^', or more or less 
stunted. Htems with smaller l(‘sions appeared to be sufferinf»: little or no 
injury, l^lants Avei’e taken to the laboratorx', and isolations confirmed the 
nature of the disease. 

On May 11, 1944, a heavy infection by the anlh]^icnos(‘ funj^us was found 
in lespedeza ]>lants jirowifij^- in some of the expej-imental plots. Tyj)ical leaf 
and stem lesions were present on many of tlie plants. Some were stunted 
and a few were dyiii^' as a result of the stem lesions. A section of sod about 
6 imdies square was taken ni). The ])lants were then removed from tlie soil, 
washed, and examined. The se(‘dlin‘i‘s were sort(‘d into 3 {groups, namely, 
healthy, slij^htly diseased, and severely diseased. The plants in the hist 
^roup were more or h‘ss stunted and tlie stems had fairly deep lesions, espe¬ 
cially below <>Tomid. The slijjrhtly dis(‘ased .t»‘rou]) had shallow lesions and 
were slij*:htly if at all stunted. This random sample liad 28 liealthy, 85 
slijihtly diseased, and 130 severely diseased plants, makin*>’ a total ol 88.0 
per cent diseased. Th(‘ healthy ])lants avera^*(‘d about 4 iiudies tall, whereas 
the severely dis(*ased ones ranged from 21 to 3 ineh(‘s. In order to }iet an 
idea of what mi^lit be the rdtiinate Tate of siu4i plants, 25 liealtlry, 50 slightly 
diseased, and 100 severely diseased ])lants w(‘re transj'(‘rred to pots and held 
under conditions snital)le for <*()od growth. Final observations on June 3, 

1944, sbow(^d that ^n* 0 Avtli of the health])lanTs had l)oen excellent. Some 
of the slijijitly diseased ones were somewhat Jess vigorous, hut others were 
as lar^e as those in the heallhy lot. A few of the iilants iu the severely dis' 
eased jironp died, but many remained stunted, some beiii^^ as tall as the 
liealthy ones. It is evident that, under siritable conditions for the rapid 
development of the funjivis, a hijrh ])er( entai^e of stem and leaf inrectiou can 
be expected from t he fun;^us that has lived over winter in the soil or on dead 
stems. No perfeet sta^re was found on tln^ old stems, and it s(‘ems reasonable 
to assume that the initial infection on the yonn< 2 ' seedlinjj::s in the S])rinj2: 
resuits from mycelium ji’rowiu^’ in tlie soil or on the old plant material or 
from conidia producinl on this myeelium. Of course, since the perfect sta^re 
developed in culture, its jiresence in the fiidd cannot be discounted alto¬ 
gether, even though it was not fmind. Secondary infection probably is* 
caused by conidia from tlic jirimary lesions. Duriiijr dry periods there is 
little or no fruitinji- on the lesions, and the disease becomes very inconsiiieu- 
ons or may disappear entirely. It is most abundant durin*^* Avet periods; and 
the damajre done vaivies Avith the amount of imxuilum present, the length of 
the v( t period, and the stage of groAvth during that time. Only veiy young 
seedlings have suffered severely from the stem lesions or have been entirely 
girdled by them. 
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Effect of Temperature on Mycelial Orowth 

The effect of temperature on the f»:rowth of the fuujius was studied in 
culture on 15 ml. of 2 per cent ])otato ag:ar plus 1 per cent dextrose in Petri 
dishes. A loop of a }iea,vy suspension of spor*es in sterile tap water was 
placed in the center of eaxdi dish, and 5 dishes were held at each temperature. 
The lonjicst and shortest diameters of the mycelial colonies were measured 
and averaji:ed at the eiid of 5 days and ap^ain after 10 days. At the lowest 
temperatTU't^ (3.5*^ C.), the s])ores }L»erminated, but no measurable mycelial 
colony was formed in 10 days. A small colony was formed at 12.5'^ C., the 
fun^nis j>r(‘w raj)idly at 22^ and at 20'' C., slowly at 31.5" C., and very slowly 
at 34.5" (h The si)or(‘s did not jicrminate at 38" C. Later observations 
sliOAved that some ^rowtlv took y)lace at 12.5" C. and that a small mycelial 
colony had l)een formed at 3.5" C. in 20 days. The minimum temperature 
for g!H)wtli, therefore, was not reach< hI. The maximum lies somewhere be¬ 
tween 34.5" and 38" (■. The o])timum was somewhere between 22" and 
29° C. O'his experiment was re|)eated in an effoit to determine the optimum 
more pre(ds(*ly by chaii^injL^ some of the 1emf)eratures in that ran^e. Averaj2:e 
temperatures of 25.8" and 28" C. were secured. The results of this experi¬ 
ment, as well as the first, showed that the optimum appeared to shift, beinfj^ 
higher at tlie end of 5 days than after 10 days. Tliis is tliou^ht to have been 
due, at least in })art, to the dryinj*- out of the medium at the hijrher tempera¬ 
tures. It was decided that the amount of ^rowt}] durinj^ the first 5 days was 
probably a truer measure of the o])timum, because a])preciable dryin<»‘ of the 
medium had not yet taken |)lace. In the second experiment growth was 
l)etter at 28" than at 25.5" C.; and the optimum lay sornewliere between these 
2 temperatures, probably a little nearer the former figure, or i)ossibly near 
27" C. Shear and Wood (3) hi discussing the tem])erature relations of 
(jlomerelhi cinyulata state that “the minimum, optimum, and maximum for 
the Ameri('an material was found to be . . . 10", 27", and 32" C., resjiec- 
tively.’’ It is probable that the optimum reported by these workers is very 
near that found by the writer foi- the fungus from lespedeza. The latter 
fungus, however, grew at 3.5" and at 34.5" C.; hence, these points differ 
somewhat from t hose given by Slu‘ar and AVood. Von Schrenk and Spaulding 
(4) state that the fungus causing the bitter rot of apple develops best at 
teinperatui'es ranging fi-orn 33" to 38" C. This suggests tliat the upper limit 
for th(‘ growth of this fungus may vary considerably. These writers state 
also that the minimum for growth of their fungus is 2" C. which is very near 
tiie minimum for the lesjiedeza fungus. 


Taxonomy 

The original isolate from lespedeza at first formed only ascospores that 
resembled those of GlomereUa cinyiilata (Ston.) Spauld. and Schrenk. These 
spores were slightly curved and measured 4.2—6.0 x 13.6-23 p (av. 4.9 x 19.5 p), 
which is well within the range given by Sliear and AA^ood (3). Conidium- 
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foriiiinj? straiMs latter obtaiuod, and the orijiiinal isolate was induced to 
form eonidia on decayiiij? ap[)]e. These conidia measured 3-6 x 13-22 p (av. 
4.1 X 18.2 jj), which also is witliin the ranj^e ^'wen by Shear and Wood. Setae 
W’^ere present amoiif? the spores but varied trom lew to abundant. The^v were 
dark brown to nearly black at the base, often becominjJ: nearly (iolorless at 
the apex. The base of the seta is bulbous and is 6-10 wide at the bioadest 
part. The seta tapers to a somewhat blunt point, is 70 to 180 ).i lon^?, and is 
usually 2- to 4-septate. The fungus differs in this last respect t rom Colleto- 
irichum destructivuni O'dara which is described (1) as having setae which 
are often nodulose and continuous or obscurely l-;U^i)tate. Since no inorj:)ho- 
logical difference, was found that would enable one to distinguish the fungus 
on lespedeza from Ghnncrclla ctH(/iilai(iy it is considei‘(*d to be a strain of this 
species. The fact that no infe(dion of lespedeza was obtained with the isolate 
of G. cingiiUita J rom ap|)le, wliile abundant infection was obtained with an 
isolate from lespedeza under identical conditions, indicates that the latter 
may be a different parasitic strain. 


OCXs’TKOLi 

The damage caused by the anthracnose fungus to lespedeza in the field 
is ratlier limited. What information is av'ailable indi('ates that serious ilarn- 
age to lespedeza is caused only under rather wet conditions, espexdally in the 
spring when the seedlings are small. Should the disease become sufficiently 
important to justify control measures, it seems })]*obable from the results of 
inoculation tests and field obser\ ations that higldy resistant varieties can be 
found, especially among the Korean strains such as F.(\ 31249. 


SOMMARy 

An anthracnose of annual Jesi)edeza caused bv^ a strain of Glomerella 
cingulala is described. The disease causes more or less (drcular, elliptical, 
or angular brownish lesions from 1 to 5 mm. in diameter on the leaflets. 
The number of lesions ])er leaflet may vary greatly, but a single leaf spot is 
sufficient to cause a leaflet to droj) oil*. The lesions on tlie petioles and stems 
are dark brown to nearly black and vary from circular to linear. They are 
of importaiH'.e largely on young seedlings, whose stems may be completely 
girdled and tlie jdants killed. The disease may be very prevalent in local 
areas during wet periods, especially during the late spring and early summer 
months, ancLmay disappear during subsequent dry spells. The strains of 
Lespedeza striata appear to be more susceptible than those of L, sUpulacea, 
although some of the latter arc moderately susceptible. It is thought that, 
should control measures become necessary, resistant varieties may be found 
among some of the strains of the latter species such as F.C. 31249. 

AGiticur/rTjRAij Experiment Station, 

Experiment, Georgia. 
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RESPONSE OP SPRING BARLEY VARIETIES TO FLORAL 
LOOSE SMUT INOCULATION^- 

H. L. Shands and C. W. Sciiat. lers 
(A ccepted for publication March 23, 1946) 

Loose smut of barley caused by Vslilaqo mida (Jens.) K. and S. occurs 
generally wherever barley is grown, but is more prevalent in the humid and 
semi-humid areas of production. Losses are usually small in te.rms of per¬ 
centage reduction of crop yield, but may be heavy at times. Several barley 
varieties widely grown in the North Central area oi* the United States are 
susceptible to V. nuda. With the exception of Trebi, no resistant variety 
is widely grown in this area. The organism causing loose smut can be con¬ 
trolled by hot-water treatment of the seed, but this metliod is both difficult 
and hazardous in application. It would be impractical for growers to treat 
with hot water all barley used for seed. An easier way to control the loose- 
smut pathogen would be the use of adapted resistant varieties, if such were 
available. 

For several years tlie loose-smut disease has been given consideration in 
the barley-breeding program at the Wisconsin Agricultural Experiment Sta¬ 
tion. Attention has been given toward finding varieties with good agro¬ 
nomic type as well as resistance to loose smut and other important diseases. 
It would be desirable for new varieties to carry a practical type of resistance 
so as to prevent natural loose-smut epidemics. 

LITERATURE REVIEW 

Various techniques have been used ‘or artificial inoculation with loose 
smut since Maddox (7) first showed that he could produce loose smut of 
barley by putting the spores on the ovary of the plant at flowering time. 

Brefeld and Palck (1) used three methods to inoculate with the loose 
smut of wheat and barley. An atomizer was used to blow smut spores 
around the heads which were enclosed in a glass cylinder, producing from 
9.5 to 20 per cent smut. Other methods included the introduction of either 
dry spores or a spore suspension into flowers by use of a small brush. Infec¬ 
tion varied from IJ to more than 99 per cent smutted plants. 

Freeman and Johnson (4) clipped the lemma and palea near the base of 
the awTj, leaving an opening for introducing spores. In some cases dry 
spores were placed direr tly on the stigma witli a brush or forceps, and this 
was their most effective method. Some heads were covered and others were 
moistened after inoculation. Optimum infection period was from full 
bloom until the ovary began to enlarge. 

1 'J^l)ese .tudii-s were initially supportod by funds provided bv the Wisconsin Alumni 
Research Foundation. 

2 Published with the approval of the Director of the Wisconsin Agricultural Exnori- 

ment Btation. ^ 

3 The writers acknowledge valuable assistance by D. C. Arny in the Held work and 
assembling the data; and by V. I. Hack in the field inoculations. J. G. Dickson gave 
counsel m planning the project, and J. H. Torric aided in statistical interpretation. 
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Broili (2) opened the flowers with a. forceps or cut off the upper one-third 
of the lemma and palea and then blew in spores with an atomizer. He also 
employed Freeman and Johnson^s method of openinj[»‘ the flowers with a for¬ 
ceps and dusting? on spores with a brush (3). Seiffert (16) used Brefeld 
and Falck’s brush method and a hollow needle resembling a spoon. The 
needle was dipped into spores, forced between the lemma and palea and the 
spores blown into the flower. He listed the varietal reaction from 0 to 94.4 
per cent smut. 

In his work with wheat loose smut, Piekenbroek (12) described an appa¬ 
ratus where dry si)ores were blown into the flowers by a blast of air pro¬ 
duced by movinj^ a piston in a cylinder. Modifyinj^- one of Freeman and 
pJohnsoiFs methods, Tapke (19, 20) inoculated barley flowers with loose smut 
by gently ])lacinf>r, with forceps, a small cpiantity of si^ores on the stip:mas 
of flowers in the process of bloomin<j:. With hif>h humidity after inocula¬ 
tion, Multan barley (19) developed 87 per cent smutted plants, and none 
under desert conditions. Zehner and Humphrey (24) obtained 33 per cent 
infection in Tennessee winter barley by injecting* tillers in the a])ical jrrowTh 
region with a 14-hour spore suspension of Ustilago mida. Zeiner (25) used 
l^iekenbrock’s method for tostint? parental and j)roji'eny responses for sev¬ 
eral barley crosses. Infection was from 0 to 78 per cent, and he also sub¬ 
stantiated Piekenbroek’s ol)servations with wheat that the most favorable 
time for inoculation was shortly after flowering until 5-7 days after pollina¬ 
tion. Nahminacher (10) used a modification of Piekenbrock’s apparatus, a 
rubber bulb replacing the piston and cylinder. Varietal reaction, inheri¬ 
tance of resistance, and physiological specialization studies were made where 
he differentiated 2 races of I\ nuda on a pathogenicity basis. Vanderwalle 
(22) used a micropipette to inject a suspension of mycelium into the embryo. 
Developing plants were smutted, but it is not clear whether the fungus -was 
r. nudaov V. nudums Bied. since he (23) later mentioned sporidium forma¬ 
tion. Peck, according to Thren (21), clipped the awns and treated the 
entire head in vacuo with dry spores. Moore (9) introduccfl a spore sus¬ 
pension into flowers of heads placed in a small glass chamber where pres¬ 
sure could be reduced. Wheat was more successfully inoculated than barley. 
Thren (21) used Nalimmacher’s method for inoculating barley flowers, re¬ 
porting high infection and increased survival counts when live-spore concen¬ 
tration \\as reduced. Oort (11) used the partial vacuum method of Moore 
for inoculating wheat and barley heads, and found the optimum time for 
infecting barley was near time of pollination. Lange-de la Camp (5) inocu¬ 
lated wheat flowers with a suspension of mycelium of U. Pntuu (Pers.) 
Rost, and kept heads moist for a few days. This is probably the first report 
of mycelium inoculation being successful. Middleton and Chapman (8) 
inoevdated winter barley, using the vacuum and forceps methods. Liv¬ 
ingston (6) used Moore’s metliod and then maintained inoculated plants 72 
hours in a chamber with 85-95 per cent relative humidity and at 15-30® C. 
Inheritance of resistance was studied. Semeniuk and Ross .(17) enclosed 
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dry spores in 4 J a vers of clieeseclotli and dusted heads of Newal barley 
several times. Poehlman (13) described a method using’ a spore suspension 
which was injected into individual flowers by a hypodermic needle. Ross 
and Semeniuk (14, 15) have also used this method. These workers have 
tested varieties and their results generally agree with those about to be 
reported in this paper. 


METHODS AND MATERIALS 

Inoculations 

The jiresent Avork with U sill a go nuda was reemphasized in 1936. Several 
methods were used in order to learn the one whief would be most effective 
and most easily apj)licable. When inoculating barley heads it must Ix^ 
remembered that the individual flowers of a head are not all in the same 
stage of development. Several of the previously cited (lerman workers 
removed small and lateral flowers. In the j)resent Avork all floAvers Avere 
left on the head Avith the exception of the very smalh'st ones at the base of 
tlie spike. One method used was the partial vacuum described by Moore 
(9). This Avas modified by using a larger glass tube than previously de¬ 
scribed in order that 2 or .3 and sometimes 4 heads could be inoculated at 
the same time. In addition, a solution of malt extract was used in order to 
increase germination and growth of the fungus aft(‘r inoculation. A small 
amount of fish-oil soap was included in the siiore suspension so as to deerriase 
surface tension, permitting thorough Avetting of the ovary and stigma. 

A sec'ond metiiod us(»d Avas that first repoi’ted by Freeman and dolinson 
and later modified by Tajike where forceps carrying smut spores on finely- 
ground points Avere used to pierce the lemma and gently touch the stigma. 
A third method Avas that oi’ clipping the ur)])er part of the lemma and palea 
and dusting the inside of the floAver AAuth smut spores by means ot* a camel- 
hair brush. This type of inoculation had been previously used at Wisconsin 
in studying stripe o1 barley caused by Ilciniinfh()sp(ni uni graniine^w^^^^^^ Rabh. 

These three methods ot* inoculation Avere used in 1936 and ]937‘ and a 
portion ot the heads A\’ere covered with glassine bags. The simimary of the 
results IS given in table 1. The bagging seemed to reduce smut infection 
during the 2-year period, when more tlian 900 inoculations’ Avere made each 
yeai. ]»<igging was therefore discontinued for the inoculations be*»iiiniiu»‘ 
in 1938. " " 


A fourth method of uioculation Avas introduced in 1938 Avhen flowers 
were inoculated by use of a hypodermic needle, to which was attached a 
small rubber bulb containing di-y spores of Ustilago mida. After the needle 
pierced the lemma the liulb Avas sipieezed in order to puff spores into the 
ovary. This is hereafter referred to as the ‘‘needle’' method. In 1940, 
reicj-ence Avms maae to this method in the annual report of the Wisconsin 
Agricultural Experiment Station.® 

The results were rend tlie following year. 

Agricultural Experiment Station. Bull. 
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TABLE 1. Influence of 'methods qf inoculution on development of Vsiilago nuda 
when many varieties of barley were med 


Method of inoculation and percentage of smutted plants 


Year 

grown* 

No. of 
inocU" 
Intioiisb 


Vacuum 



Forceps 


Clii)i)cde 

Bagged 

Not 

bagged 

A VC. 

Bagged 

Not A 
bagged ^ 

Bagged 

Not 

bagged 

1937 

150c 


1().04 



6.76 


11.89 

1937 

907d 

0.5 

9.1 

8.8 

0.4 

4.3 4.0 

2.3 

8.6 

1938 

954d 

15.0 

29.1 

25.2 

15.1 

19.9 17.9 

6.6 

9.2 


a Inoculations made tlie previous year. 

^ Two heads generally used for an inoculation, 
c The same 50 varieties inoculated by each method. 

‘njarge numbtjr of varieties not strictly comparable for each method, 
e lJj)per part of lemma and pal(‘a clipped before dusting with spores. 

A comparison of tlie needle and parlial-vaetnim metliods with a large 
imniber of varieties is given in table 2. The results reported in tables 1 
and 2 are not strictly comparable; but since the number of inoculations is 
large the results are thought to be fairly reliable. The needle method 
(Table 2) produced considerably more smut in the 1938 inoculations, the 
results of which were read in 1939. In 1940 the two methods gave very 
iieaidv the same per(‘entage infection. Inasmuch as the needle method is 
niu(‘li more easily used than tlie vacuum method, the latter was discontinued 
after the 1939 inoculations. 

8in('.e the data obtained from many varieties were comiiosited in tables 
1 and 2 it was thought desirable to compare the four methods of inoculation 
on AVisconsin J5arbless and Oderbrucker varieties. These results, sum- 
inai*ized in table 3, indi(*ate that the needle ami vacuum metliods were more 
etfeetive than the others. Only two years, 1938 and 1939, are available for 
comiiarison of the needle and vacuum methods. The vacuum method pro¬ 
duced lower smut iiereentages than tlie needle method and was more difficult 
to use. Including Odessa, the needle method gave more infection for 5 of the 

TABIjE 2.— Comparison of vacuum and needle methods of inoculation for JJstilago 
nuda, with many varieties of barley 


Method, iiinnber of iiiocubitioiis^i, and smutted |)lants 

Vacuum Needle 

Inoculations Smutted plants Inoculations Smutted plants 

Vo. coTiI No. Per cent 

0:t5 24.4 381 42.3 

550 21.9 299 22.8 


Year 

grown* 


1939 

1940 


* Inoculations made the previous year, 
b Two heads generally used for each inoculation. 
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6 varietal-year coniparisons, with the exception of the 1940 results with 
Oderbrueker. AVhile the summarized results should not be compared 
strictly, a total is j’iven for the number of plants observed for all of the 
years and the iiercentage smut. 

TABLE ?i.—Comparisoils of inoculation methods when three harley varieties were 
inoculated with Vstilapo nuda from day of pollination to 3 days after pollmalion 


Year 

grovvna 

N eedlc 

Vacuum 

Forceps 

Clipped 

Plants 

Plants 

Plants 

Plants 

Total 

Smutted 

Total 

Smutted 

Total 

Smutted 

Total 

Smutted 


No. 

Fer cent 

No. 

Fer cent 

No. 

Fer cent 

No. 

Per cent 

Wisconsin Bar bless (C.I. 5105) 







1937 



1919 

7.2 

1247 

1.0 

1805 

4.9 

1938 



1601 

16.4 

359 

1.4 

852 

2.3 

1939 

501 

33.1 

1163 

26.0 





1940 

203 

22 2 

684 

18.0 





1941 

1084 

4I1 







1942 

207 

15.0 







1943 

751 

41.1 







1944 

80 

58.8 







Total 









or Av.‘» 

2892 

37.6 

5367 

15.4 

1606 

1.1 

2657 

4.1 

Oderbrueker 

(C.I. 4666) 







1937 


. 

314 

16.9 

130 

1().2 

120 

3.3 

1938 



115 

36.5 

357 

4.5 

157 

12.1 

1939 

514 

49.2 

1019 

32.2 





1940 

480 

14.0 

708 

34.3 





1941 

1443 

52.3 







1942 

535 

37.0 







1943 

614 

56.7 







1944 

429 

69.9 







Total 









or Av.*» 

4015 

47.8 

2156 

30.9 

487 

7.6 

277 

8.3 

Odessa (C.I. 

934) 








1937 



150 

28.0 





1938 



321 

36.1 





1939 

43 

32.5 

223 

5.8 





1940 

53 

58,5 

163 

43.6 





1941 

239 

23.8 







1942 

10 

90.0 







1944 

55 

92.7 







Total 









or Av.h 

400 

46,5 

857 

28.2 






« Inoculations made the f)rcvious year. 

b Total number of-inoculations or average percentage of smut. 


Tlie htase of floral developirunit at the time of inoculation is important. 
The different stages of development, using the two methods, needle and 
vacuum, are compared for susceptibility in table 4. The results for the 
needle method are given for a G-year period from 1939-1944 and for the 
vacuum method for 3 years, namely 1938-1940. The results indicate that 
the barley flow'ers are most susceptihle during and shortly after pollination. 
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InoculatioiiKS made later than 3 days after pollination gave a reduced infec¬ 
tion. When Wisconsin Barbless was inoculated 4 days after pollination, 
smut was reduced to 6.5 i)er cent, and Oderbrucker infection was reduced to 
5.1 per cent after 5 days following pollination. It is impractical to inoculate 
spikes before pollination because the heads have to be removed from the boot 
and the necks are rather weak and tender at this time. Therefore, it is 
desirable to wait until slightly after pollination. Nearly all of the inocula¬ 
tions were made near the time of pollination and since 1940 not later than 3 
days after pollination. 

Floral inoculation often affects the subsequent seed and plant develop¬ 
ment, frequently reducing gerniination and seedling vigor. If flowers are 
too young at time of inoculation, seed set is reduced more than when flowers 

TABLE 4.— Influence of stage of floral development on infection hy IJstilago nuda, 
using two varieties of barley and two methods of inoculation 


Stage of floral 
dtwclopineiit 
with refer¬ 
ence to 
pollination 


Day before . 

Day of . 

1 clay after . 

2 days after . 

3 days after . 

4 days after 

5 days after . 

6 days after . 


Average 

Wisconsin Bar bless Oderbrucker infection, 

both varieties 


Needle Vacuum Needle Vacuum Needle Vacuum 

1939-44 1938-40 1939-44 1938-40 1939-44 1938-40 


Plniita 

8nuili 

Plants 

Smut 

Plants 

Smut 

Pinnts 

Smut 

Smut 

Smut 

No, 

Ter 

cent 

No. 

Ter 

cent 

No. 

Ter 

cent 

No. 

Ter 

cent 

Ter 

cent 

Ter 

cent 

\n 

45.9 



179 

60.9 



51.1 


.1334 

41.4 

217 

36.9 

1692 

51.7 

87 

50.6 

46.6 

43.8 

1093 

30.8 

702 

17.8 

1687 

47.3 

555 

35.5 

39.1 

26.7 

246 

38.2 

1405 

21.7 

321 

31.8 

656 

27.6 

35.0 

24.7 

57 

57.9 

1124 

15.8 

126 

25.4 

514 

35.6 

41.7 

25.7 



306 

6.5 



70 

25.7 


16.1 



169 

8.9 



58 

5.1 


7.0 



39 

7.7 








have been .pollinated for a day or more. Such seeds are freciuently light 
and chaffy, and seciondary fungi may reduced stands. Treating inoculated 
seeds with organic mercury dust before planting reduces seedling losses and 
increases vigor. Hulls are often loose and fail to adhere to the caryopsis. 
Usually hulls are loosened most with lemma clipping and least with the 
vacuum technique. I’lant stands vary from year to year when the same 
method is used, many factors probably contributing to the variation. 
Stands varied from 40 to 72 per cent and averaged 53 per cent with th,e 
needle method, from 1939 to 1944 inclusive. In 1939 and 1940 the vacuum 
inoculations produced 8 per cent greater stands. Thren (21), by reducing 
live-spore concentration to 1 per cent, raised the stand counts and yet main¬ 
tained good infection. 

The needle method was chosen by the authors because it produced the most 
infection and could be manipulated by one technician. Needle size found 
most successful was 20 gauge. Inoculum should he finely sieved and kept 
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dry, otherwise the needle may elogr, whieli necessitates cleaning by a small 
wire. Keduced live-spore eoneentrations would likely increase stand counts 
and yet maintain high infection. Tlie needle could also be used for inject¬ 
ing a sj)ore suspension, though not done to a great extent in this work. 

Inoculum 

A composite inoculum was obtained from susceptible varieties grown 
currently in the nursery. Inoculum was collected from many varieties so 
as to maintain various races of the fungus which may be present in the nur¬ 
sery. Although specialized races are known in i|"any species of Ustilago 
and also exist in IJ. mida, no carefully i)urified race was used, thus avoiding 
a restriction in the application of the results. In rare cases smut used had 
been previously stored at low temperatures. Samples of the smut were 
germinated in order to determine purity of species, viability, and vigor. 
Floral inoculation with Z7. nuda only is reported in Ihis i)aper. 

Barley Varieties Tested 

A large number of the varieties came from the C.I. collection.^ The seed 
was originally supplied by K. 6. Shands. Previous to the loose-smut test 
most of the varieties had been found resistant to the two sporidium-forming 
smuts. A large portion of these varieties has been inoculated with the 
stripe-causing fungus and the results reported by Shands and Arny (18). 
Many selections from the l)arley-breeding program in progress at the Wis¬ 
consin Agricultural Experiment Station have been tested for their reactions 
to 'Ustilago nuda. liike their parents, most of the hybrid seh‘ctions were 
susceptible. The selections having numbers preceded by ‘41’^ w^ere pro¬ 
vided by R. G. Shands. 

The varietal testing for reaction to Ustilago nuda has been in progress 
for about 10 years, and some of the resistant varieties have been hybridized 
with agronomically desirable varieties and their progenies have been tested 
for resistance. A few smooth-awned selections with resistance to IJ. 7iuda 
have been purified and are being tested for yield and adaptability. 

RESULTS 

Tests were from field inoculations and nearly all were field-growm. Only 
a small portion was grown in the greenhouse. Even though fairly extensive 
tests were made before 1939, the data in tables 5 and 6 give results mostly 
with inoculations since that time. The percentages of smut in Oderbrucker 
and Wisconsin Barbless for the period of 1939-1944 are 48 and 38, respec¬ 
tively, wdvile some other varieties had 90 per cent or more, and still others 
had less than 5 per cent, thus indicating a satisfactory method for differen¬ 
tiating varietal reactions. The partial-vacuum technic was used for testing 
many hybrid selections and varieties, but the results were omitted except 
where tlie variety was not later tested with the needle method. Varieties or 

7 A world collection of barley varieties maintained by the Division of Cereal Crops 
and Diseases, U, S. Department of Agriculture. i 
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TABLE 5.— Loose-miut reactions of barley varieties artificially inoculated with 
Vstilago nuda 


C.I. No. __Pljints C.l.No. Plants 

and Tests “ ‘ V.ZL7 and Tests ~ 


and 

description‘s 

Tests 

Wt. Ave. 

and 

description^ 

Tests 




No. 

No. 

Per cent 



No. 

No. 

Per cent 

531 

2 

64 

1488 

44 

1312*^ 

N 

8 

207 

7 

595 

H,N 

5 

51 

25 

1314 

N 

6 

84 

54 

068 

1), P 

7 

153 

0" 

1315 


7 

107 

73 

918 


5 

291 

47 

1316 

N 

7 

96 

43 

920 


18 

421 

20 

1330 


12 

316 

28 

923 

B,S 

9 

212 

48 

1355«^ 

S 

4 

136 

44 

934 


14 

400 

41 

1370 

P,N 

16 

376 

4 

935 


3 

46 

70 

1379 


5 

95 

75 

936 


16 

596 

4 - 

1387 


3 

100 

85 

940 


12 

410 

28 

1408 


5 

190 

3 

967 

2,B,N 

10 

173 

0 - 

1413 

B 

9 

281 

17 

971 


6 

93 

1 

1417 


2 

82 

51 

972 


5 

180 

51 

1432 


3 

33 

36 

995 


10 

170 

35 

1433 


2 

36 

81 

998 

N 

7 

186 

19 

1437 


1 

19 

84 

1016'J 


8 

139 

7 

1438 


5 

97 

5 

1017 


7 

173 

31 

1441 


3 

66 

21 

1021 


7 

126 

55 

1443 

I 

4 

24 

0 

1023 


7 

143 

78 

1445 

2 

3 

79 

53 

1024 


3 

121 

70 

1455 


3 

21 

52 

1027 

P, N 

8 

202 

5 

1466 

2 

4 

49 

14 

1032 

B,N 

2 

42 

0 

1467 

B 

3 

52 

37 

1037 


11 

229 

16 

1468 


6 

168 

28 

1053 


8 

184 

25 

1470 


n 

381 

15 

1076 


7 

211 

66 

1557 


4 

104 

3 

1080 


2 

62 

47 

1585 


4 

45 

2 

1082 


1 

45 

7 

1603 

A 

5 

105 

15 

1086 

N 

4 

51 

43 

1604 


6 

179 

18 

1087 


7 

136 

29 

1610 

A 

8 

133 

5 

1088d 


1 

43 

9 

1612 

A,P 

6 

111 

1 

1090 


5 

7 2 

21 

1613 


3 

106 

36 

1110 

o 

4 

102 

77 

1614 


9 

303 

27 

mi 


10 

418 

39 

1615 


7 

201 

35 

1119 


7 

231 

4 

1621 


2 

60 

50 

1131 


3 

108 

57 

1688 


1 

35 

37 

1142 

o 

4 

91 

60 

1692 


8 

360 

43 

1179 


2 

20 

70 

1698c 


4 

145 

46 

1213 


•> 

33 

21 

1756 

2, N 

2 

57 

39 

1223 


3 

49 

0 

1774 

11 

5 

118 

3 

1243 

A 

8 

230 

16 

1918c 


2 

88 

43 

1248 

P, N 

16 

238 

13 

1969 

B 

9 

281 

14 

1257 


6 

162 

57 

2040 


8 

94 

1 

1263 


10 

300 

39 

2080 

2 

10 

134 

17 

1284 

S 

6 

186 

4 

2082 

2 

3 

40 

50 

1296 

D, P 

10 

193 

1 

2107 


o 

50 

42 


a All are white or blue, (1 rowed, rough-awiii'd, and have adhering lemma and j)alea, 
except wlnue other eharacteristies are indicated according to the following key: 

2 2-rowed N - naked kernels SS = semi-smooth awned 

1 intermedium A - Abyssinian intermediato B = black 

D deficiens S = smooth awned I’ - purple 

H -- liooded 

B and P refer to black or purple color in lemma and palca of threshed grain 
of hulled barleys and to the color of the caryopsis in naked barhw. 
b Selection. 

c Tested by partial-vacuum method, 
d Tests by E. G. Shands gave greater infection. 
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TABLE 5.— {Continued) 


C.I. No. 


Plants 


C.I. No. 


Plants 


and 

description^ 

Tests 

Total 

Infected 
Wt. Ave. 

and 

descript i 011 “ 

Tests 

Total 

Infected 
Wt. Ave. 



No. 

No, 

Per cent 


No. 

No. 

Per cent 

2135c 

2 

4 

188 

42 

2877 2 

1 

12 

58 

2203 

IT 

3 

86 

7 

2947c 

21 

842 

24 

2207 

H, N 

3 

75 

33 

3208-4 

11 

329 

1 

2208 

B, H,N 

4 

79 

0 

3210-2 

11 

271 

1 

2209 

A 

3 

83 

2 

3393-2 

2 

22 

27 

2213 

I,N 

9 

238 

32 

3402 

6 

60 

3 

2215 

1,11, N 

2 

82 

42 

3403c 

5 

244 

58 

2219 

2,H 

3 

31 

13 

3404 

4 

86 

22 

2221 

2,N 

2 

39 

54 

3408 

2 

28 

14 

2223 

2,H,N 

4 

60 

5 

3410 

2 

35 

66 

2226 

1),B 

6 

101 

0 

3413 A 

o 

28 

43 

2237 

A, II 

o 

51. 

42 

3443 

4 

68 

44 

2242<i 

P, IT, N 

3 

55 

6 

3446 

1 

19 

74 

2247 

A,N 

o 

35 

31 

3508 

4 

60 

17 

2253 

N 

6 

120 

23 

3530 

1 

47 

85 

2254 

I 

f» 

51 

39 

3552 

5 

87 

95 

2257d 

N 

5 

92 

1 

3553 

3 

59 

86 

2261 

N 

5 

55 

7 

3554 

4 

110 

81 

2263 

P 

4 

94 

4 

3556 

1 

10 

70 

2267 

A 

2 

41 

37 

3557 

a 

33 

88 

2276 

B 

11 

347 

.9 

3558 

4 

103 

89 

2277 

P, N 

4 

70 

4 

3559 

4 

35 

17 

2278 

A 

1 

56 

39 

3560 


23 

83 

2280 

I 

o 

24 

29 

3582 

4 

80 

63 

2282 


o 

65 

51 

3634 

3. 

40 

88 

2284 

A,B 

7 

135 

4 

3650 

4 

105 

71 

2286 

1,N 

7 

177 

34 

3724 

o 

48 

54 

2318 

N 

6 

89 

»■> 

3728 

4 

99 

59 

2321 

H,N 

2 

31 

42 

3745 

4 

35 

31 

2330 


1 

68 

59 

:.746 

2 

44 

66 

2338 

2344 

B 

4 

o 

68 

23 

12 

39 

3776 

3778 

3 

4 

29 

42 

66 

74 

2348 

2351 

2352 

N 

1,N 

3 

4 

6 

43 

66 

127 

35 

o 

32 

3808 

3810 

3816 

2 

3 

4 

63 

75 

39 

100 

76 

77 


2304 

2381 

2383 

2432 

2433 
2437 
2448 
2467 
2476 

2480 

2481 

2482 
2492 
2497 
2^25 
2f>26 
2042 
2073 
2577 


A 

B 


2 

N 


H 

B 


12 

o 

16 

11 

4 

4 

.5 

4 

5 
5 


1.46 

160 

130 

86 

127 

255 

23 

470 

280 

114 

94 

77 

76 

374 

64 

03 

19 

32 

22 

42 


19 

60 

23 

7 

32 

17 
83 

3 

36 

40 
49 

49 
63 

50 
0 

13 

63 

19 

18 

41 


3895- 1 

3896- 1 
3898 
3902 
39(»3 
3905-1 


B 


3906-2 B 


3906-3 
3912-3 
3914-1 
3921- T 
3921-2 
3924-2 
3969-1 
3971 

4032 

4033 
4033-1 
4038 
4041-2 


1 

1 

2 

3 

3 

3 

1 

1 

2 

1 

2 

1 

2 

2 


38 

10 

8 

55 

36 
55 

37 
25 
18 
22 
47 

7 

40 

41 
57 

74 
51 
67 
54 

75 


97 

90 

88 

89 

89 

38 

27 

28 
89 
23 
66 
57 
43 
34 
74 
80 

100 

88 

96 

36 
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TABLE 5.— (Continued) 


C.I. No. 
find 

descriptiona 

Tests 

Plants 

C.I. No. 
and 

descript iona 

Tests 

Plants 

Total 

Infected 
Wt. Ave. 

Total 

Infected 
V^t. Ave. 



No. 

No. 

Per cent 



No. 

No. 

Per cent 

4049 


1 

17 

82 

5612 


2 

33 

37 

4118 


8 

170 

74 

5641 


2 

19 

42 

4184 


o 

37 

65 

5643 


2 

62 

92 

4201-1 


2 

43 

49 

5696c 

B 

3 

51 

31 

4211 

2 

1 

20 

65 

5841 

A 

1 

21 

39 

4211-1 


1 

10 

50 

5899 

P,N 

10 

167 

6 

422;i 


1 

10 

88 

5998 

S 

1 

20 

35 

4252 

S 

9 

301 

26 

6001c 


6 

235 

26 

4289 


11 

487 

34 

6036 

S 

2 

70 

34 

4570 

r),B 

o 

50 

84 

6051 

IT 

4 

140 

74 

4425-1 


4 

110 

30 

0087 

2, SS 

3 

44 

71 

4420 


1 

23 

48 

0088 

8 

12 

369 

68 

4502-2 


7 

170 

14 

0093 

S 

5 

213 

43 

4559 


9 

221 

8 

0109 

S 

4 

112 

25 

4559-1 


3 

07 

2 

0199 


1 

18 

3 00 

4500~L 


4 

12‘^ 

10 

0239 

s 

9 

293 

41 

4501 


3 

82 

12 

0251 


10 

241 

40 

4573-1 


o 

27 

7 

0299 

s 

1 

17 

82 

4570-1*^ 


0 

207 

15 

6311 


1 

J5 

80 

4577c 

s 

18 

091 

20 

6352 


1 

46 

11 

4577-1 

s 

5 

104 

23 

6395 

2 

1 

;i8 

72 

4585 

2,S 

0 

132 

51 

6397 

o 

1 

31 

94 

4585-lc 


5 

89 

6 

0421 


1 

25 

28 

4017c 


0 

183 

29 

0425 

(} 

1 

32 

92 

4022 


11 

197 

16 

0430 

2 

1 

18 

72 

4023 


17 

341 

13 

0104 

2 

1 

12 

100 

4024 


2 

39 

8 

0407 


1 

33 

77 

4033 


3 

33 

70 

0487 


1 

33 

77 

4()37 


7 

137 

42 

0488 

2 

1 

11 

91 

4000 


132 

4052 

48 

0503 


6 

286 

48 

4087 

T1 

5 

195 

29 

0531 

2 B 8 

8 

132 

60 

4720<- 


0 

205 

24 

0514 


7 

204 

38 

4731 

o 


45 

18 

0572 

N 

13 

272 

13 

4757 


1 

39 

46 

0007 


1 

33 

36 

4801c 

2 

4 

132 

29 

0008 


1 

50 

39 

4820 


1 

44 

68 

0009 


1 

42 

36 

4821 

B 

10 

380 

7'^ 

0011 


1 

54 

37 

4822 

P,N 

9 

194 

4 

0614 


3 

06 

'2 

4823 

B 

10 

327 

4 

6015 


1 

49 

38 

4827c 


5 

175 

38 

0991 

A 

4 

335 

0 

5027 

2,S 

3 

55 

19 

7011 

8 

2 

48 

83 

5030 


10 

389 

48 

7015 

8 

4 

60 

65 

5105 

S 

100 

2892 

38 

7030 

S 

5 

155 

71 

5221 


4 

78 

49 

7055 


2 

48 

2 

5207 


9 

304 

60 

7069 

8 

7 

298 

36 

5340 


3 

143 

25 

7115 

8 

4 

112 

67 

5409 

2 

3 

33 

36 

71.16 

8 

4 

319 

24 

5419c 

D 

3 

80 

36 

7143 

8 

2 

60 

65 

5459c 

D 

3 

80 

54 

7165 


3 

149 

24 

5581 


1 

23 

78 

7166 


13 

570 

20 


selections having less than 20 plants for observation were omitted from tables 
5 and 6 unless susceptibility was clearly denoted. When a variety was 
susceptible it was not tested further unless desirable from some breeding 
standpoint. 
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TABLE 6.— Loose smut reactions of harley hybrid selections and miscellaneous varie¬ 
ties when arlificially inoculated with UsHlapo nuda 


Hybrid 

selections^ 



Plants 

Hybrid 

selections** 


Plants 

or Viirietic'S 
and 

descri])tioi9* 

Tfxsts 

Total 

Infected 
Wt. Ave. 

or varieties 
and 

descriptioiii> 

Tests 

Total 

' Infected 
Wt. Ave. 

L 



No. 

No. 

Per cent 


No. 

No. 

Per cent 

XI54-2-79 


11 

476 

34 

X301-1 

8 3 

79 

44 

XI73-5-4-1 

S 

7 

227 

59 

H4-5-1-3-13-4 

S 3 

114 

38 

X173-t0-5-6-l 

S 

11 

442 

51 

TT4-8-7-3-1-1 

8 5 

203 

67 

X182-8~l-2 

8 

13 

447 

61 

1146-J-4-4-(l 

2 

43 

23 

X182-8-2-8 

S 

6 

205 

72 

1147-91 

c> 

u 

48 

6 

XI82-8-3-3 

S 

5 

162 

62 

H80-4-21 

2 

65 

79 

XI82-8-3-4 

S 

6 

170 

69 

CC 12 

8 7 

93 

0 

X182-8-3-7 

S 

6 

163 

59 

CC 29 

2 

53 

64 

XlS2-79-1-t 

s 

3 

122 

57 

CC 146 

6 

176 

19 

X.182-243-1 

s 

3 

78 

33 

WxWx 

2 

94 

66 

XI84-5 

s 

4 

127 

64 

W'xwx 

3 

101 

68 

X184-11-15-1 

s 

4 

108 

45 

AVXWX 

6 

203 

58 

X191-3~.3 

s 

1 

36 

31 

Trebi 8cl. (many Iciives) 6 

115 

0 

X191-16-2-1 

s 

9 

286 

68 

8.8. 1314 

1 

73 

34 

XI91-16-3-1 

s 

9 

347 

71 

Lion Wis. 117-28 

B, S 5 

147 

38 

XI91-24 

s 

6 

242 

57 

Michigan 1.10 

2,8 7 

123 

33 

X191-25 

8 

7 

229 

49 

Olli x A spill lid 

6 

210 

44 

X207J-3-1 

s 

3 

"e'l 

7 

Tamnrisio 03639 

<> 

35 

31 

X207J-3-3 

8 

3 

107 

8' 

Taiiimisto 04432 

5 

117 

47 

X212-1 

8 

4 

152 

30 

Tamniisto 09234 

4 

141 

58 

X217-27 

8 

3 

97 

16 

Belgian 

2 4 

43 

67 

X217-57-1 

8 

3 

61 

2 

OP 170 

2 6 

173 

45 

X2T7-62 

8 

3 

35 

0 

CP 127422 

2 10 

265 

2 

X226-2 

8 

0 

31 

66 

Georginc Ped. 

2 7 

181 

55 

X265~l 

8 

1 

30 

17 






a Parentage of hybrid selections are as follo\ts: 

XH9 —Oderbrucker (Wis. Ped. 5-1) x Lion (Wis, 117) 

X154 —Oderbrucker (Wis. Ped. 5-1, C.l. 46(»r>) x Korsbyg (Wis. 97-3) 

Xir>8 ~X39-5-8-4-T x Odrrbrucker (Wis. Ped. 6, C.T. l'529) 

X173 —X39-9-3-()-8 x Oderbrucker ( Wis. Ped. 5—1) 

X182 —Wis. Barbless (CM. 5105) x Olli (C.T, 0251) 

X184 —Wis. Barbless (0.1. 5105) x FV-atland (C.l. 52G7) 

X191 —Wis. Barbless (C.T. 5105) x J\ewal (C.T. 6088) 

X207J—I'rebi (C.l. 936) x Wis. Barbless 

X212 —Chevron (C.l. 1111) x X168-5-1 

X217 —TrebixWis. Barbless 

X226 —T14-8-15 x XI82-21-2 

X265 —Wis. liarbless X Pillsbury (C.T. 7166) 

X301 —XI82-8-2-8 xE, (TrebixPi\lsbury, C.l. 7166) 

H4 —Wis Barbless x Chevron 

1146 —Chevron (C.l. 1111-5) x Brachytic (Minn. 78-4, G.I. 6572) 

H47 —Chevron X Trebi (C.T. 936) 

H80 —Chevron x Hillsa (CM, 1604) 

Sec table 5 fgr description. 

The results of varietal tests are Kiveu in table 5 for G.I. numbered varie¬ 
ties, and in table 6 for hybrid selections and iniseellaneous varieties. The 
C.l. nniuber, description, the number of tests, the total number of plants 
observed, and the average pereentaKc of infected plants on a weighted basis 
arc given. If 2 cr more tests are recorded they probably were from differ¬ 
ent years. The weighted average was determined by use of the total plants 
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in all tests of an individual variety. Names and descriptions of a ]arp:e part 
of the tested C.T. varieties were <?iven by Bliands and Arny (18). Nearly 
all of the selections from hybrids listed in table 6 are 6-rowed and smooth- 
awned. A small portion of the miscellaneous varieties listed in the latter 
part of table 6 are 2-rowed, and nearly all are roujzh-awned. 

DISCTTSSION 

The two varieties of barley us(hI most frequently as inoculated controls 
in these experiments are Oderbrucker and Wisconsin Barbless. Oder- 
brucker had 48 per cent inrection and Wisconsin Barbless had 38 per cent. 
This represents 132 and 106 tests, respectively, of about 30 plants per test. 
Infection perccuitaj^es varied within wide ranjies, but it is thouj^ht that 
these avera< 4 es are fairly representative for these varieties. 

In order to obtain an estimate of the variability present and the per- 
eentaffe of smut neeessar\' to separate varieties, the analysis of variance was 
a|)plied to the I’csults of 40 varieties that had been tested for 4 consecutive 
years. The varieties were ])laced into two groups, those with less than 20 
per cent or more than 80 tier cent inf(*ction and those which had more than 
20 per cent and less than 80 per cent infection. For the first group the 
smut t)ercentage necessary to separate varieties was lower than for the 
second group, decreasing as infection apt)roa(*hed 0 or 100 per cent. Varia¬ 
bility witliin a variety as measured by the standard deviation was 7.7 per 
cent for the first group and 14.9 for the second. On tlie basis of the 4 years, 
the amount of infecvtion necessary to differentiate varieties in the first group 
was 11 per cent, and 21 per cent for the second. While these values cannot 
be applied directly to the results in tables 5 and 6, they can be used as a 
guide in int(‘ri)reting the data and for the separation of the varieties. The 
Aoilvies would be larger for comparisons including less than 4 years^ data 
and smaller for com])arisons including moj*e than 4 years^ data. 

In testing 300 varieties from the C.I. collection a total of 4 liad 100 per 
C(mt smut. Thes<‘ four A^arieties were O.I. numbers 3808, 4033, 6199, and 
6424. Of more inierest, however, from a plant-breeding standpoint are 
36 varieties which had less than 5 per cent infection. In this grou]) 9 varie¬ 
ties had no infection; they are as follows: O.I. 668, 967, 1032, 1223, 1443, 
2208, 2226, 2497, and 6991. Evidently these were resistant, but infections 
might occur under conditions of more extenswe inoculations or Avith differ¬ 
ent rac(‘s. The 300 varieties Avere rather evenly distributed in different 
infection classes from 0-100 except for the 30-40 per cent groups and the 
classes containing less than 5 ])er cent. 

It is of interest to note the place of origin of the varieties in relation to 
their smut reactions wliich are giA’en in table 7. Abyssinia was the place of 
origin of the largest number of resistant A’arieties, while A^arieties from 
Egypt and North Africa Avere generally susceptible. No tested variety 
from Ilussia was highly resistant. Several of the varieties from Manchuria 
had moderate resistance. China and India had a few varieties fairly resis¬ 
tant and several fairly susceptible. 
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TABLE 7.— Source and number of varieties in various infection classes when arti¬ 
ficially inoculated with Vslilago nuda 


Source or country 


Number of varieties in 5 infection classes 
0-3 4-15 16-30 31-00 61-100 


Abyssinia . 

Asia . 

Australia . 

China . 

Egypt 
India . 

Japan . 

Manchuria . 

Middle East . 

North Africa . 

Northern Europe 

Kussia . 

Southern Europe 
Total . 


8 7 

3 

1 2 

3 1 

2 6 

t> 

1 8 

2 
o 

3 


1 

15 37 


6 

1 

1 

1 

1 

6 

f) 

7 

o 

o 

1 

4 

1 


25 


5 

3 

1 

9 

3 


4 

3 

6 

14 

11 


66 


3 

1 

3 


18 


1 

1 

13 

9 

8 

2 

59 


Most ot* the hybrid selections driven in table 6 uero tested for yield as 
well as J‘or several diseases. Some of these hybrids w^ere made before the 
parental disease reactions w^ere learned, and some were made primarily for 
quality factors Therefore, nmny of the sehx'tions have no appreciable 
resistance to Vdilago nuda, wdiile those wdth resistance liave derived it from 
either Trebi (C.I. 936) or Dorsett (CM. 4821). 

In table 8 is j.»iven the loose-smut reacition of certain commercial barley 
varieties j^Town in the United States and Canada. Most of the commonl.y- 
grown varieties w^ere relatively susceptible. Trebi and Treyal were resis¬ 
tant, and Warrior had no infected plants, alllionj^h the latter would doubt¬ 
less have some infection if studied more extensively. 3die Manchurian 
varieties varied in their responses to loose smut, O.A.C. 21 havin^^ 15 per 
cent and Minnesota 184 havinj.^ 59 per cent inft cted plants. lN‘atland, Mars, 
Newal, ITush. and Missouri Early Beardless are considered as susceptible 


TABLE 8.— Ijoose-smut reactions of some conirnf rcial barley varieties grown in the 
United States and Canada 


Variety 

C.I. No. 

Smut 



Per cent 

Bava . 

7113 

32 

Glabron 

4577 

23 

Han lichen . 

531 

44 

Kindred^ . 

6969 

78 

Manchuria N.D.‘2]21. 

2947 

24 

Mancliuria Minn. 184 . 

2330 

59 

Manchuria O.A.C. 21. 

1470 

15 

Mars . 

7015 

64 

Missouri Early Beardless 

6051 

74 

Newal. 

6088 

68 

Oderlu acker . 

4666 

48 

Odessa . 

934 

41 


Variety 

C.I. No. 

Smut 



Per cent 

Olli 

6251 

40 

Peatlaml . 

5267 

60 

Plush 

7030 

71 ‘ 

Filter 

6036 

34 

Regal . 

5030 

48 

Spartan . 

5027 

49 

Trebi . 

936 

4 

TregaP . 

6359 

0 

Velvet .. 

4252 

26 

Velvon . 

6109 

25 

Warrior . 

6991 

0 

Wisconsin Barblcss. 

5105 

38 


» hj R. G. Shands. 
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varieties. Other varieties had less infection hut are considered moderately 
susceptible. 

In breeding new varieties of barley, it is desiral)le for the new selections 
to be resistant to more than one of the major diseases. Shands and Arny 
(18) gave the stripe reactions for a fairly large number of barley varieties. 
The loose-smut reaction is given herein for 139 varieties recorded in that 
paper. There were 17 varieties that had less than 15 per cent stripe and 
loose smut, a reaction that, was considered resistant to each of the diseases. 
The following are the varieties and their (M. numbers: 

C.l. 93« Trebi 0.1.2318 Kliaisila C.I. 6352 Cebad.a 97A 

1969 Chinese Black 2‘U18 Nigrum 6572 Bracliytic 

2040 Canada Winter 3402 Gujarkhan 6991 Warrior 

2261 Pnsa 4821 Dorsett 7055 Titan 

2276 Gatami 4823 

2284 Black Abyssinian 5899 Murasaki Moclii C.P. 127422 

Trebi and Cebada are similar in their disease and agronomic responses. 
Both are large-kerneled and liave a tendency to be high in yield under dry¬ 
land conditions. Titan and Warrior very likely derived their resistance 
from the Trebi parent. Dorsett and C.l. 482;> are botli black with brittle 
rachises and appear alike in many other respects. Bracliytic and Murasaki 
Mochi are naked varieties and are not considered generally as good breeding 
stocks. ]\iurasaki Mochi lias a waxy endosperm. C.L 2284 is classified as 
an Abyssinian intermediate type with black kernels. C.P. 127422 is a 
2-r()wed variety of German origin. 

A large proportion of the selections lieing tested in the Wisconsin breed¬ 
ing program now have resistance to loose sirmt in one of the parents. Some 
of tln^se selections are being tested for yields as well as disease reactions. 
Thus far the most promising source of resistance to loose smut lias been 
Trebi. TInfortunately Trebi has a weak straw under AYiscorisin conditions 
and most of its derivative's likewise have this undesirable agronomic charac¬ 
teristic. At present, efforts ai-e being made to combine resistance to several 
major diseases vvitli good agronomic type and smooth aAvns. 

SUMMARY 

Several methods of inoculating barley varieties with loose smut have been 
compared. The most eflFective and easily manipulated method consists of 
injecting dry spores into barley flowers by the use of a hypodermic needle 
to which is attached a small rubber bulb containing ehlamydospores of 
Vstilago nuda. This is called the “needle” method and was used for test¬ 
ing varietal reaction. The reactions of :100 barley varieties from the C.I. 
collection are given. Wide varietal differences in percentage of infection 
were found. Several varieties possessed a higli degree of resistance to the 
composite inocnlnm. Many selections from the breeding program have 
been tested for their response to TL nuda. Some of these are smooth-awned 
selections with loose-smut resistance and fairly good agronomic character- 
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isties. Efforts are being made to eombine resistance to the several major 
barley diseases and ^rood agronomic type with good malting quality. 
Agricultural Exferimptnt Station, 

Madison, Wisconsin. 
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SEED TEAxVSMISSION OF BACTEKIAL BLIGHT OF SUGAR BEET 


P. A . Ark and L , 1> . L e a c u 
(Accepted for publication April i!, 1946) 

In the summer of* 1943, the writers’ attention was called to a disease in 
beet-seed fields in northern California and southern Oregon which involved 
a rapid dyiiij^* of the leaf blades, commonly bejiinnini:,^ at the tip of the blade 
and gradually becoming systemic. Jjater investigation of this trouble showed 
the dis(*.ase was bacterial in nature. Although certain aspects of tliis disease 
have been described (1, 2, 3), the writers have observed some new features 
that are herewith discussed. 

In 1909, Brown (1) described a bacterial disease of the leaves caused by 
Pliylonioitaii apiata. The disease was observed by Townsend in Utah and 
California in 1908 (1). Brown and Jamieson (2), reporting on the causal 
bacterium of this disease of sugar beet from California, stated that *^so far 
as the Avriters know, this organism has not been found in tlie field attacking 
the beet root, and, as none of the field beets with affected leaves had any root 
trouble, it is thought that the disease in the field is confined strictly to the 
leaf.” Recently attention has been called by Carsner (3) to the ottcurrenee 
of black leaf spot and stalk streak of sugar beet in the Pacific Northwest, 
caused by P/i. aptaia. 

The disease has been observed in moderate amounts in the Shasta Valley 
of iiorthern California and in the Medford and Willamette Valleys of Ore¬ 
gon, at elevations above 4,000 feet where low temperatures occur frequently 
during the growing season. It is difficult to determine the amount of dam¬ 
age caused by l)acterial blight because of complications induced by frost, 
insect injury, and other causes. The disease has not been observed in fields 
intended for sugar production although a few leaf infections were found on 
an overwintering test plot at Davis, California, planted with contaminated 
seed. 

One of the striking symptoms of the disease in California and Oregon is 
the rapid dying of leaf blades. Under excessively moist conditions the dead 
parts become slimy and necrosis spreads quickly into the veins and the 
petioles of the leaf. Sometinu^s only isolated, black leaf spots are iiresent. 
In other cases, necrosis begins in a wedge-sliaped area near the margin of 
the leaf and spreads from there into the main veins and midrib, at times 
i-esulting in wilting of the leaf (Fig. 1, A and C). On the seed stalk, black 
streaks frequently extend from the tip to the base (Fig. 1, C). Petioles in 
the early phases of the disease have light to jet-black discoloration in the 
fibrovascular bundles, and the stalk, upon being split longitudinally, has 
dark cavities containing numerous bacteria (Fig. 1, D). The discoloration 
can usually be traced into the root where invasion was observed (Pig. 1, E). 
Invasion of the stalks causes brown to black discoloration of the spikelets 
and discoloration of the seedballs, which on culturing yield the pathogen. 
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Microscopic examiiuition of diseased tissues rev(‘aled an abundance of 
bacteria. Inoculation tests with isoJants from different parts of a diseased 
plant into younf,^ suj’ar beets jirowhifi' in the p:reenhouse were successful in 
all cases. Symptoms typical of the disease were produced on leaf blades 
and petioles when they were inoculated by puncturing with a needle or by 
snn^aring the inoculum on the surface and rubbing with carborundum pow¬ 
der (6). 

Tlie bacterium isolated from various parts of the affected sugar-beet 
plants corresponds in all particulars with Fhyiomxmas apiata, as described 
by Hrowm and Jamieson (2). 

Tile bacteria seem to prefer the vascular elements of infected plants 
where they were found in mucli greater numbers and far in advance of those 
in tlie surrounding parenchyma. 

Since the disease is not confined to the leaves but occurs in any or all 
pai'ls of the plant, and may even cause death, it seems approjiriate to apply 
a more descriptive and inclusive designation, namely, bacterial blight of 
sugar beet rather than leaf spot, or black streak, which are only ])hases of 
s\'st em i e inf(*cti on. 

(hirsner (3) suggested, on tlie basis of his field observations, that the 
causal organism may b(* seed borne. The writers found usually not ovei* 
5 to 10 per cent infected seedlings from any lot growMi in pasteurized soil. 
If seed from the same lot was germinated in Petri dishes, about 50 per cent 
of tlie seedlings were infected. Diseased seedballs can be directed by direct 
micu-oscopic examination of sections made from them, by culturing, and by 
germination in Petri dishes or in sand. Such seedballs are noticeably dark- 
mied (Fig. 1, F and G) but similar darkening may also be induced by insect 
injury or other causes. 

The first sym|)tom in seedlings grown from contaminated se^ed (Fig. 1, H) 
is iiidii'ated by a small depression on either side of the cotyledons wvhich 
IxM-omes watm- soaked, sometimes developing a light-yellow halo. Gradually 
tlu‘ affected ])ai*1s of tlie cotyledons become soft and bla(*k. One to several 
lesions may occur on a single cotyledon, resulting in distortion. Seedlings 
grow n in high humidity develo|) lesiojis on the true leaves. Tlius, the ])atho- 
gen (*an s])rea(l from infected (X)tyledons to other parts of a plant under 
favorable conditions of temperature and humidity. 

Seedling iidection was controlled in the greenliouse by treating field- 
contaminated seed with New' Improved Ceresan (ethyl mei^cury phosjihate) 
dust at tlie rate ol‘ \ oz. per lOO lb. of seed. New' Impro^'ed Ceresan dip 
{1-1,2()()), and Arasan (50 per cent tetramethyl thiuram-disulphide) dust 
at tlie rate of 4 oz. per TOO lb. of seed (Talile 1). From these tests it is appar- 
t*nt that the disease is seed borne. IIoAvever, no attempt w^as made to deter¬ 
mine if the bacteria are ])rimarily surface contaminants or if they are 
internal. 

Brown iuul Jiuniesoji (2) reported tliat Fhijtomonas nptnla is capable of 
infectiii" tlie followin};- plants by artificial inoculation; sweet or bell pepiier 
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TABLE 1 .—Seed treatments 

/o control haclerial hliyht of suyar 

beet 

Treatment 

TTealthy plants 

Diseased plants 


Number 

Number 

Per cent 

Check, no treatment . 

170 

11 

5.9 

New Improved Ceresan, 

194 

12 

2.4 

Dust . 

226 

0 

0 


381 

0 

0 

Dip . 

270 

0 

0 

243 

0 

0 

Arasan, dust . 

259 

0 

0 


272 * 

0 

0 


{(Uipsioftn tiiunniui L.), kidney hean (Ph(ts{olns ruhjnrts L.), eoiiiinon 
plant (Solamim intlanifcna h. var. (sculeniiim Nees.) , aiul lettuce (Lactuca 
sativa Tj.). Paine and Branfool (5) in 1924 reported on a disease of lettuce 
which they first thoii|*‘ht was caused by Phylomonas mcrrginalis (Brown) 
Berg:ey et al., but later they attributed it to Pli. apiata. It had affected 75 
per cent of the lettuce plants in a private garden in England. The organism 
also caused a leaf spot on nasturtium {Tropm alum nia jvs L.) in nature 
according to Jamieson (4). The writ(*rs were able to produce the disease 
on all of these plants by needle inocidations with the isolants obtained from 
many diseased specimens of sugar beet. In addition, the broad bean (Vicia 
faha L.) was successfidly inoculated Avith Ph. apiata which i)roduced long 
black streaks on the stems of greenhouse-grown plants. . When the inoculated 
plants were transferred to a moist (ihamber tlie damage was noticeably in¬ 
creased. SAviss chard {Bela vylgaris L. var. cicla L.) is also susceptible when 
the leaf blade or petiole is inocidated by needle. 

SUMMARY 

1. Phytcimonas aplala, previously described as causing a leaf spot of 
sugar beet, is iioaa^ known to produce bbghting of the leaves, black streaking 
of seed stalks, and internal root necrosis. 

2. Seed from blighted stalks are heavily contaminated Avith the bacterium 
and produce diseased plants upon germination. Seed transmission Avas pre¬ 
vented by using New Improved Oeresan dust or dip, oi* Arasan dust. 

3. In addition to sugar beets, sAveet pepper, nasturtium, lettuce, eggplant, 
and beans, previously reported to be susceptible to Phytomonas apiata, 
Swiss chard and broad bean have been infected. 

DmsiON OF Plant PATiioLO(jy, 

University of California, 

Berkeley and Davis, California. 
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EFFECT OF MINERAL NUTRITION ON THE VIOOR AND 
SUkSCEPTIBILITY to BLIOHT of old JAPANESE 
CHESTNUT TREES 


.1 . 1) . I) 1 h L E K , V . W . W 11 I T T A K E R , A N I> 

M . H . A N D E K S O N 1 

(Acct^pted for publication April 2, 1946) 

About 500 Jiipanese (‘hestiiut trees {Ca^ianea crenata Sieb. and Zuee.) 
still sur\'iv'e rrorn an original plautiiiji* of 2,000 trees made 50 years aj^o near 
Fairfax Station, Virginia." Most of these trees are in various stages of 
senility. It seemed desirable ( /) to determine wliether such trees could be 
benefited by the appli(tation of plant nutrients, and (2) to observe the effect 
of fertilization on incidence of infection and tlie susceptiliility of the trees 
to the chestnut blijrht funf»us, Endolhia parasitica (Miirr.) P. J. and A. W. 
Anderson. 

In the sprinp’ of 1944 sixty-four of the surviving trees, of about ecpial 
vi^or, were selected for treatment. They averaiicd 15.() inches in diameter 
at breast h(‘ij^ht (d.b.h.), 33 feet in height, and 31 feet in crown spread. The 
exj>eriment included se^'en fertilizer treatments and a check. P]ach treat- 
iiient was replicated eight times in a randomized arrangement. Fertilizers 
were applied March 2, 1944, and a second application, of nitrogen only, to 
some of the tT’(*es was made on March 2, 1945. Tin*’ potash and phosphate 
fertilizers were applied in ‘'punch holes/' 2 feet apart, and the nitrogen 
fertilizer was tiroadcast. Of the 64 trees, 26 W(*r<^ iinxmlated on 9 lower 
branches of each tree during the winter (December 19, 1944, to March 2, 
1945) with 9 isolates of chestnut blight fungus from Orange, Massachusetts, 
and 9 from Bell, Maryland. One inoculation for each isolate of chestnut 
blight from each source and a check of sterile agar were placed on each 
bramdi. The cultures were isolated in October, 1944, I'rom young cankers 
(m American chestnut sprouts. Results of the inoculations were observed 
and d.b.h. and carrent shoot-growth measuri'incnts were made on J\ilv 20, 
1915. 

The \'arious iertilizer treatments and the slioot lengths obtained are 
shown in table 1. 

An examination of the data by means of tlie conventional analysis of 
variance indicates the lollowing conclusions: (./) Fertilization with potash 
and phosphoric acid had no significant elfect on shoot growth. (2) Nitrogen 
at the rate of 150 lb. was without significant effect. (3) Nitrogen at the rate 
of 300 lb. increased the shoot growth significantly in 1944, but the second 
ai>pli(*ation, in 1945, had no significant effect. 

1 Respectively, AsH()ci;ito Pntliulogist, Division of Forest Patliology, Obomist, jiihI 
Senior Cbomi.st, Division of Soil, Fertilizer, and Irrigation Tnvestigations, Buri'an of 
Plant Industry, Soils, and Agricultural Engineering, IT. 8. Deparlinent of AgricultiinL 

2 T!*(5 authors wish to eNi>reHs their appreciation to Mr. (niarlos D. Hamel, McLean, 
'-I, owner of the.orclnird, for his eoo])eration. 
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Under t]ie conditions of this test no fertilization except a very heavy 
application of nitrogen liad any significant effect. .Shoot growth on the trees 
fertilized with potash and phosphoric acid was not significantly greater than 
on the nonfertilized trees. The data do not permit statistical evaluation 
of the effects of climatic differences in the two years. 

There is no correlation between shoot length and trunk diameter in the 
trees in this experiment. 

The re.sults of: the canker inoc\dations are more difficidt to interpret than 
are those of the shoot length. One Ma.ssacluisetts and one Maryland isolate 
of the fungus produced no cankers at all while otlier isolates of each group 
produced only two to three. Some of the trees were susceptible, as evidenced 
by the cankers that developed following inoculation, and others appeared 

TABLTj 1 .—rnflucncc of fertiliser treatmrni on current }<hoot (froieth of jO ycar old 
Japanese chestnuts 


Treatment .. , ,, , 

1 ortilization,*' Ib./acre 

.•\ve. 

total shoot length per treea 

1044 

1945 

Both years 



cm. 

cm. 

cm. 

1 

None . 

175.0 

201.3 

370.0 

n 

300 lb. N jiiimiiilh- 

218.0 

225.8 

444.4 


150 lb. N annually . 

102.8 

225.4 

418.1 

4 

300 lb. N once . . 

223.1 

220.0 

440.1 

5 

300 lb. N once 4 P -K in 1044 . 

100.8 

234.0 

433.8 

(I 

150 lb. N aniiimlly i- P-K in 1944 

104.1 

217.4 

411.5 

7 

300 lb. N aiimiallv t I’-K in 1944 

205.4 

220.8 

432.1 

8 

P-K in 1944 

102.5 

187.8 

350.2 


total loiigth of 10 shoots per tree, one tree per replicate, 8 replicates. 
Nitrogen ajipliefl n.s amnioniuin nitrate. P-K (100 11>. PgOr, plus 75 lb. K.jO) applied 
as superphosphate and K(ll, resjieetively. 


to be entirely resistant. The data, obtained are tlins scattering, with a great 
iiiany zero values. This renders stati.stical treatinent difficult and of doubt¬ 
ful value. Nevertheless some of the ditt'erenees in number and area of 
cankers per tree are so large tiiat there ean be little doubt of their true sig- 
niiieanee. Talile 2 presents the average iiumlxn* of CiUikers and canker area 
j)er tree for each fertilizer treatment. 

Wlien P~K was applied without nitrogen. Treatment 8 < all of the P-K 
treatments were ajiplied a year before iiiocnlation ), the incidence and sus¬ 
ceptibility to canker, as measured by the number and area of cankers per 
tree, respectively, were both iiiucli greater than with all but one ol the treat¬ 
ments tliat consisted of nitrogen only. This exception o(*curred where 300 lb. 
of nitrogen were applied annually (Treatment 2) in conjunction with the 
Maryland blight isolates. On the Massaebnsetts i.solates this treatment did 
not appear to differ significantly from the other treatments with nitrogen 
only. But Avben nitrogen was applied in conjunction with P-K at the lower 
rate annually, or once at the 300-lb, rate (Treatments 5 and 0, respectively), 
it appears to have rendered the trees less susceptible. hen applied again 
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at 300 lb. per acre near tbe time of inoculation it failed to give this result. 
This observation appears to correlate with the observation that susceptibility 
increased when 300 lb. of nitrogen without P-K were applied annually. 
With the exception just noted, nitrogen treatments without P-K, whether 
made once or annually, had no significant effect on canker incidence or area 
of cankers. 

The average size of the cankers varied, but in a manner that appears to 
have been random; there seems to have been no connection between canker 
size and the fertilizer treatments in this experiment. Tliere was also no 
apparent significant difference between the Massachusetts and Maryland 
isolates in the average size of canker produced (4.2 and 4.5 scj. cm., respec- 


TABLE 2 .—Effect of fertilization on occurrence and development of hliffht canl’ers 
induced hy inoculation of dO-year-old Japanese chestnut trees 


Treatment -rs a- h ^ 

i crtilizatioii, lb./acre 

No. of 
tre(‘s 

Av. No. of 
cankers 
per tree 

Av. canker area 
(sq. cm.) 
per tree 

Endothia isolates from Massachusetts 

3 None. 

o 

1.0 

2.4 

2 

300 lb. N aiinuallv 

3 

1.0 

0.8 

3 

150 lb. N annually . 

i! 

1.5 

6.9 

4 

300 lb. X once *. 

4 

1.0 

5.5 

5 

300 11). N onro + l’-K in U»44 . 

3 

1.7 

5.4 

6 

150 lb. X aniiuallv f P-K in 1944 . 

4 

2.5 

5.7 

7 

300 lb. X aniiuallv i P--K in 1944 . 


3.3 

19.1 

8 

P-K in 1944 . 

4 

3.0 

14.2 

Endothia 

1 

isolates from Mjiryland 

None.. 

3 

1.0 

2.S 

2 

300 H). N animallv . 

3 

2.0 

12.7 

3 

150 lb. N annually . 

o 

0.5 

2.1 

4 

300 lb. X once . 

4 

0.8 

3.4 

5 

300 lb. X once 4- 1*-K in 1944 . 

3 

0.7 

2.1 

() 

150 lb. X armuallv rP~K in 1944 . 

4 

2 2 

4.9 

7 

300 lb. X annually 4 P-K in 1944 

3 

3.3 

10.3 

8 

P-K ill 1944 

4 

3.0 

14.9 


tively) or in the total nninbcr of rankers prodneed by each (52 and 46, 
respectively). There is tints no evidence, from this experiment, that the 
longer established gronji of Massachtisetts isolates are any less virulent than 
the Maryland isolates that ayipeared more than 10 years later. 

It is clear that, under the conditions of this experiment, P-K applied a 
year previous to inoculation increased canker incidence and susceptibility 
to the canker fungus, but this effect was modified in a complicated manner 
by treatment'with nitrogen. These results arc of sufficient importance to 
warrant further study. Field observations made elsewhere during six grow¬ 
ing .seasons suggest that potassium chloride is an unfavorable form of potash 
for chestnuts. TJie current observations may thus be connected with some 
toxic action of ihe chloride ion. 

PIjAnt Indcstry Station, 

Bki.tsville, Maryland. 




















KUST AND PHOSPHORUS DISTRIBUTION IN AYHEAT LEAVES 

David G o t i. i k b i a n d J a e s M . G a r x e r 
(Accepted for piiblioatioii April 4, 1940) 

Despite the many years which have elapsed since the early work of 
Marshall Ward (1)1 and 34) on the idiysiology of obligate parasitism, this 
complex is still in many respects an enigma. One of the phenomena which 
has been fairly well established is that the rusts and the powdery mildews 
increase the respiration of their hosts. As early as 1915 Reed and Crabill 
(12) demonstrated that apple leaves infected with Gifmnosporanijium juni- 
peri-virginiayiae respire more than noninfeeted leaves. Yarwood (15 and 
16) showed that a similar change takes p>lace when excised clover leaves are 
inoculated wdth either rust or mildew. Pratt (11) foihid that powdery 
iiiildcAv increases the respiration in wheat plants and also that the higher 
rate is not due to the res])iration of the mildew mycelium. More recently 
Allen (3,2, 3) has shoAvn that in the powdery mildew of wheat the increase 
in the respiration and metabolism occurs during the period of rapid growth 
and maturation of the parasitic colony and that a decline sets in after this 
])(‘riod. Associated with these j)hen()mena is an accumulation followed by a 
(leciHtase in the quantity of carbohydrates. This increased metabolism is 
mainly due to the oxidation of glucose. The importance of carbohydrate 
metabolism in the physiology of obligate parasitism is then evident. 

Some of the vital factors in the d«*gradation of glucose are the phosphate 
transfer enzymes, and elames and Bunting (7) have shown that sm*h enzymes 
are also operative in barley, a host of stem rust. The importance of such 
pliosphorus enzymes suggests tlie ])ossil)ility that an accumulation of phos- 
pliorus may be linked to the high rate of utilization of the sugars, so that 
an in(ueas<‘ in x)hosphoi*us would allow gi*eater enzyme transfer and a more 
rapid oxidation and respiration, Humphrey and Dufrenoy (6) have in¬ 
dicated that in oats infected with crown rust, phosphorus is released by in¬ 
fected cells and made availal)le to the parasite, and they postulate a transfer 
of })liosphorus into the infected regions. Little more is known of the phos¬ 
phorus relations of infected leaves. 

The current investigations liad two objectives: (1) the develox^ment of 
a technique for the study of phos])horiis relationships, aiid (2 ) a study of the 
distribution of j)hosi)horus in normal leaves and rust intected leaves. 

:m etiiods 

The paucity of information on the i)hysiology of obligate parasitism is 
due in large part to the fact that no means of culturing an obligately para¬ 
sitic fungus in vitro has b(‘en known. An investigator could obtain and 
study only the spores of the parasite apart from the host plant. Any re- 

1 These studies were conductcMl while the senior author was on the staff of the IJni- 
versity of Delaware. 


5.57 



558 


Phytopathology 


I VoL. 36 


search must therefore deal with activity of the pathof^en at WH)rk within its 
host. Humphrey and Dufrenoy ( 6 ) resolved this diffictilty by the use of 
staining te(*hiii(|ues, but even this method had severe limitations. Quantita¬ 
tive data are difficult to obtain, and observations on the density of stain 
cannot be easily reproduced. To overcome such difficulties, a tagged ele¬ 
ment, radioj)hosphorus, was used in these investigations. The use of radio¬ 
active phosphorus enables the investigator to detect very small quantities 
of the element, for the assay is dependent upon the disintegration of the 
atom, and theoretically the presence of each atom can therefore be recorded. 
Tile method is relatively simple because no complex chemical separations 
are necessary. Finally, radiographs can pictorially locate any differences 
in conccmtration of the element in various parts of the host. As far as 
is known, the radioactive phosphorus, is metabolized by the living or¬ 
ganism in a manner similar to the common form of phosphorus (5) and 
its biologic activity is generally accepted as representative of the normal 
isomei*. 

Only one host, Little Club wheat, and one pathogen, PnccAnia graminis 
fritici ra(‘e 34, were employed in these experiments."' The radioactive 
phosphorus, P"''^, was obtained from the Massachuselts Institute of Tech¬ 
nology-* as phosphoric acid and converted to KH 2 PO 4 for these experiments. 
Iloagland’s complete nutrient solution (9 ) was the basic inedium for grow¬ 
ing the wheat seedlings, with but one change, the substitution of the radio¬ 
active phosphorus salt for the usual form. A Geiger couuter (1) was used 
for the analysis of phosphorus, and ordinary Verichrome film served for llie 
i*adiographs. The Geiger counter^ was mounted 0.5 cm. above the material 
to be analyzed. 

Wheat seeds were disinfected with mer(Miric chloride and allowed to 
germinate and grow in a moist chamber until the first true leaves just rup¬ 
tured the coleoptiles. The seedlings were then transferred to the nutrient 
solution contained in small circular glass dishes, 6 inches in diameter and 
3 inches high, which contained 1-inch mesh wire for support of the plants. 
When tiie ])lants were about 100 mm. tall, one side of the distal half of 
each leaf was inoculated with the rust by brushing tlie leaves with a suspen¬ 
sion of urcdiosi)f)res in water; the ]>lants were then placed in a moist cham¬ 
ber for two days. An equal Jiumber of check plants was treated similarly 
except that they received no inoculum. The plants were kept in a constant 
temperature room at 20° ±: 2° C. under a 200-watt Mazda lamp during the. 
entire experiment. Only the first true leaf was inoculated and all other 
lea\^es were clipped off as soon as they appeared. Under these conditions, 
flecks first were observed 4 days after inoculation, and sporulation of the 

2 I'lie vii *nt wn. fni iiislKul hy Dr. C. S. TToltoii of tlio Tliiitod States Department of 
Agriculture and the j-ii«t by Dr. IT. A. Rodeiiliiser of the United States Department of 
Agriculture. 

T}>e radioru'tive phosphorus wna obtained through the courtesy of Dr. R. I). Evans 
of the Massachusetts Institute of Technology. 

i ^(’ho eouuting (Mnii]mieut was obtaineci from Dr. A. ,1. Allen, Universitv of Pitts- 
burgh. 
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rust fiiugus oecuri-ed 10 days after iiioeulatioii. No additional nutrient 
solution was added to the dishes until the hfth day after inoculation. From 
then on, sufficient solution was added every two days to bring it to the 
original volume. Radioactive i)hosphorus was present only in the original 
medium, and the normal inactive salt in all the later solutions. 

Four plants were used for each ajialysis wdth the Geiger counter and 
three rejilicate analyses were made 2, 5, and 12 days after inoculation. The 
leaves were used either whole or cut into two sections, the infected distal 
end and the noninfeeted basal portion. Eacdi leaf section Avas further 
divided into :J-inch sections to facilitate digestion. These tissues were dried 
at 90® C. for 8 hours and their dry Aveights determined. Digestion was 
carried out by adding 20 ml. of concentrated nitric acid to the leaA'^es and 
the mixture heated on a water bath for two hours. This treatment com¬ 
pletely dissolved the tissues. Enough water was then added to bring the 
total volume again to 20 ml. An aliquot of 0.2 ml. Avas placed in the stand¬ 
ard depression slide and heated at 56® C. until dry. TIniform films Avere 
thus obtained. Treatment of the urediospores was similar to that of the 
leaves Avith few modifications. Leaves of the 150 AV'heat seedlings Avere 
shaken over an evaporating dish and the urediospores collected by brushing 
them directly into drying dishes. After drying, the spores Avere found to be 
resistant to complete digestion Avith nitric acid, and aqua regia Avas used in 
its stead. Three such slides Avere made for each determination. All re¬ 
sults recorded were obtained by aA^eraging the counts from the three aliquots. 

For the aidual determinations a small Geiger tube, sensitive to beta 
I'ays, Avas mounted in a wooden frame so that Avhen the slides were placed 
beneath it, the plane surface of the slide was 0.5 cm. from the tube. Tw'onty- 
ininute background counts Avere made before each day^s analyses, and all 
counts on the tissue digests Avere made for 10 minutes. Preliminary 
studies with longer exposures shoAved no gain in accuracA'. Because radio¬ 
active phosphorus continuously and irrevocably disintegrates, corrections 
for the time inteiwal betAveen the clipping of the leaAa^s and counting Av^ere 
made from a decay curve (5). The active phosphorus was recorded as 
counts per gram dry Aveight, to AAdiich it is directly ]n-oportional (5). All 
figures have been rounded off to the third digit, because in these analyses 
only differences in the first tAvo digits were important. 

To folloAV the (‘lianges in the distribution of phosphorus, radiogra|)hs (5) 
of the leaves Avere mad(' every second or third day after inoculation of the 
seedlings. Fresh green leaves were mounted on glass plates Avith trans¬ 
parent cellulose tape, througli Avhich tlie beta rays from the 1*can pass. 
This tA'|)e of mount was easy to handle and also preserwed the leaf in a green 
condition for regular photographs. Verichrome film Avas placed against the 
mount, and it in turn aars covered AAuth a glass plate. 

ABSORPTION AND DISTRIBUTION OF PHOSPHORl’S 

The infection of leaves of Little Club Avheat with Fuccinia graminis 
tritici does not appear to affect the total amount of phosphorus in the leaves. 
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TABLK 1.— Concf niratw of roHioartivf? phosphorus in inoculated and noninocu- 
lated leaves 


Counts of radioactivity^ 

Tnociilated leaves Noriiiioculated leaves 

16,400 22,100 

24,500 17,800 

22,300 21,300 

21,067 20,400 

a Counts were recorded on tin' basis of counts per |:rani dry weight. 

A comparison of the radioactive i)liospliorus in the whole leaves of inocu¬ 
lated and noiiinoculated iilants reveals no consistent differences in the 
amount of that element (Table 1). When all repli(*ates were averaj 2 :ed, how^- 
ever, a slightly greater concenti*ation was found in the inoculated seedlings. 

The total amount of phosphorus absorbed by the plant was not signifi¬ 
cantly influenced by the disease but its distribution within the leaf was 
affected. More phosphorus was present in the distal parts of all leaves than 
in the basal parts. The difference in concentration between the tw^o parts 
of the leaf was, however, much greater in inoculated plants than in the 
check plants. This increased accumulation in the infected distal portion 
was consistently greater in all the replicat(‘s, eveji though the phosphorus 
determinations were made at intervals from the second to tenth day after 
inoculation. On the average, tln^ difference in ])hosx)]io‘rus counts between 
the distal and basal leaf sections Avere twice as great for the seedlings in 
which the upper part Avas infei^ted as for the normal j>lants; the dilferences 
Avere 4,667 and 1,967, respectively ( Table 2). 

Because of the possible pn'senee of extraneous radioelements A\'hich 
would confuse the results, analyses were made on leaves groAvn in the normal 
Hoagland's solution. No r*nlioactivity A\as detect(‘d in these leaves. There¬ 
fore, all measured activity ir. the leaves A^as due to the beta rays emitted 
by the 

To study the reason for the increased amount of phosphorus in the iji- 
fected portion of the leaf, radiographs Avere made at various intervals of 


No. days after 
inoculation 


2 

10 

Av<n*age 


TA BLE 2— Dis!nhuiion ttf ra(iioa.ctin phn.'^phorus in leaves 


i ;ounts of radioaet ivity 


No. days 
after 

inoculation 

, InoeulMted leaves'* 

Noninocnlated leaves 

Distal 

.s<‘eti()ns 

Basal 

sections 

1 Ufference 

Distal 

sections 

Basal 

sections 

DifTerence 


18,700 

14,10U 

4,600 

23,400 

20,700 

2,700 

5 

27,000 

22,100 

L900 

18,500 

17,300 

1,2U0 

12 

24,500 

20,000 

4,500 

22,300 

20,300 

2,000 

Average 

23,400 

18,733 

1,667 

21.400 

19,433 

1,967 


a Distiil sections were infected with mst, basul sections were not iiift'cted. 
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Fig. 1. Badiograplis and photographs of triHci on Little Club 

wheat taken on various days after inoculation. A and B. Ba<bograj^ and photograj>h, 
ZTIX C Photoffrauli 4th dav. l>. Radiograph, Tith day. E and F. Radiograph and 
photographVdth da,^ G and XT.* Radiograph and photograph, 7th day. I. Radiograph, 
8th day. 

daA% and sporulation oil the ninth day after inoculation. In radio{p-aphs 
made on the second day after inoculation phosphorus was evenly distributed 
in the leaf. On the fourth day. coincident with the period when fleclis were 
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becoming visible, difference's in the density of the negative were observed. 
At this tinie the differences in density of these areas of the leaf were not 
sufficient for good reproduction. From then on, as the fiecks became 
further differentiated, the density of the film in the infection court increased 
until the ninth day when the spores began to rnpture the epidermis (Fig. 
1, D, E, G, and I)’. 

l^hotographs were made of the leaves that were exposed for the radio¬ 
graphs. Some of these are reproduced in figure 1, B, C, F, and H. A com¬ 
parison of radiographs and photographs showed that the phosphorus is con¬ 
centrated in the infected areas of the leaf. |lt is apparent theji that rust 
infection stimulates tiie axHuimulation of radioactive ])hosphorus in the 
diseased areas of the plant. That the images of the leaves and infected 
areas are due to the radioactive phosphorus was demonstrated by plaeijig 
two leaves side by side, one from a seedling in a nutrient solution contain¬ 
ing radioactive ])lios])horus and the other containing normal phosi)li()rns. 
Only the leaf containing the radioactive material affected the film and left 
an image on the negative. The entire series of plants for the radioaidive 
studies were rerun and similar results were obtained. 

The accumulation of unusually large quantities of phosphorus in the in¬ 
fection coui-t might be due to two causes; either ])hosphorus is deposited in 
the urediospores or mycelium of the fungus, or in the infected cells of the 
host. Becaust' of the difficulties in separating the liost tissues from the 
mycelium of the parasite in quantity large enough for analysis, no deter¬ 
minations could be made on tlie components of this complex, llowever, llie 
urediospores were collected and analyzed. Radiograplis of the spores in- 
dicat(*d tlie presence of P The specific activity of phosphorus contained 
in the spores was less than the mean av(‘rage of both infected portions of 
leaves and of entire healthy leaves. The s])ecitic activity of tlie spores W’as 
17,200, for the entire noninoculated leavc's it was 20,400, and for rusted 
leaves 21,067. We can assume, thereforr*, that the incr(*ased accumulation 
of phosphorus in the inreett'd areas of the j)lant was not in sjiores but might 
be in infected host cells. Another possibility does still exist, namely, that 
the aecumulatioii is in the mycelium of the rust. 

DTSCTJSSTON 

Ihe effect ol l^uccand gva'ininl^ iviiici on the phospliorus distribution in 
infected wheat leaves is similai* to the effect of rusts and mildews on the 
plant carbohydrates: in both cases the* materials are concentrated in the 
invaded areas of infected leaves (3, 12). If studies from both obligate 
parasites, the rust and the mildew fungi, can be considerc'd as eomplemen- 
tarv, a ]‘)ictnre of some ol the physiological response's in oblig'ate parasitism 
can be reasonably formulated. The pathog(*n is (h'jiendent ujion its host 
for earbohydrates. Any unfavorable conditions such as light, temperature, 
and nutrition, Avhich prevent normal plant vigor and synthesis of carbo¬ 
hydrates, reduce the* supply of sugars and also the virility of the jiathogen 
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on its host. As a reaction to the increased nutritive demands of the parasite, 
sugars and phosphorus accuimdate in the infected areas of the leaves. The 
augmented phosphorus supply might permit a greater activity of the phos- 
phorylating enzymes of intermediary sugar metabolism. Tlius the in¬ 
creased amount of carbohydrates would be consumed and respiration con- 
seijuently increased. Eventually the demands upon the hosts cells are too 
drastic or some toxic action ensues, and necrosis occurs. 

Untortunately, it is not known whether the concentration of phos})horus 
and carbohydrates is in the fungus mycelium or in the host cells; in either 
case an increased respiration of the infected tissues would result. Hum¬ 
phrey and Dufrenoy (6) indicated that the mycelium receives its phos¬ 
phorus from the invaded colls and that the spores are ''rich in phosphorus.'' 
However, analyses of urediospores revealed no such undue accumulation, 
for less radioactive phosphorus i)er gram dry weight was found in the 
spores than in either infected or normal leaves. It is plausible to conclude 
that the concentration of iiliosphoriis might be in the infected host cells. 
Whetlu^r the increased amount of phosphorus in rusted areas is due to a 
specific action of tlie parasite or is merely a general reaction of plant cells 
to injury and irritation is still undetermined. However, studies of in- 
jur(‘d animal tissue indicate that, even without the preseiu'c of a parasite, 
phosphorus comjxuinds are sometimes s(‘creted into the damaged areas (4). 
Veiist cells also secu'cte the phospliorns compounds when subject to mild 
irradiation witli X-rays (8). Vntil further studies are made, any inter- 
j)F*(*tation of the cause for the concenti*alion of phosi)horus in tissue ird'ectod 
by obligate parasites must be ac(‘(‘pted Avitli reservation. 

SU MM ARY 

1 . Xo consistent differences in total contejit of radio])hos]>liorus were 
found between entire rusted and healtliy wheat leaves. 

2 . ill inoculated leaves the dilferences in pliosj)horus content between 
tile infected distal portion and the noninfected basal portion of the leaves 
were much greater Than tlie dilferences of similar areas in liealthy plants. 
Tile distal pa ids always contained more phosphorus. 

3. The phosphorus ivas accumulated in rusted parts of leaves and con¬ 
centrated in the areas iin’aded by the parasite. 

4 . The concentration of radiophosphorus in the urediosiiores was less 
til an in the leaves. 

Newark, Delaware, and 
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DIPLODIA DIE-BACK OF OUAYl'LE (PAKTHENITTM 
ARGENTATIM GRAY) 


J O 11 N T . P K I<: S L K V 1 
(Acceptefl for publication April 15 , IIH*) 

INTRODUrTION 

A die-baek oi jfuayiile caused by Diplodm tlu (tbronuu {D. naialensis) 
(Pat.) Nowell,^ occurred in southern Texas during’ the snininer of 1944, and 
was first observed following; the suininer rains. In two-year-old irrij^^ated 
plantings, where the crowded condition of* the plants favored the disease, 
practically every plant was infected and many ])lants wei*e dead by mid- 
October. In dry-land plantingrs and in one-year-old irrigated plantings infec¬ 
tions were few and there was relatively little damage from the disease.*^ Dry 
weather retarded the disease and during the winter i'ungus activity ceased 
entirely. With the return of high temperatures and rain in the spring of 
1945 many of the old lesions again became active. In addition to the old 
lesions, the p.ycnidia which wre produced in ahundanee on the diseased 
plants furnished abundant inoculum for new ])rimary infections. 

SYMPTOMS 

Infection generally starts in the leaves or small twigs and ])rogresses 
downward. In the field tlie leaf infections begin as iia-cgular necrotic lesions 
which soon coalesce. The leaves die, generally fr*om the tip, with j)roiiounced 
yellowing of the leaf aft<‘r one-half of the blade has been killed. Infections 
that begin on small twigs .soon progress downward and involve the larger 
branches. When the lesion has i\early girdled a large branch the leaves 
become ^-ellow and the diseased branch is very (*onspicuous among healthy 
foliage. As soon as the branch is completely girdled it dies (Fig. I, C). 
When infection occurs near the ground line the entire jdant succumbs as 
soon as it is girdled by the fungus lesion. After the plant or branch dies, 
provided moisture conditions are ravorable, black pycnidia of the fungus 
develop under the diseased bark and ei*u|>t as elongated black carbonaceous 
ma.sses (Fig. I, D). 

IXOCULATIONS 

Miihiuls 

Experiments were (conducted at Salinas, Calitornia, to determine the 
effects of* temperature, moisture, and age of ])lant on iidection by Diplodw. 
Pycnidial material for the ex|)eriment was collected Irom diseased plants 
in Texas in October, 1944. A s|)oi'e suspension was obtained by soaking 

1 Formerly Pntliologi.st, Specinl linn vole Ki*se;nt*h Project, 1. S. l>epartineiit of 
Agriculture. 

^ S])ecUu'. <l«‘teruuuatioTi of the organism was ma<]e by .lohn .V. fSteveiison, Division 
of Mycology and Disease Survey, V. 8. DepJirtmeiit of Agriculture. 

Presley, dohii T. Diplodia die b.ack of gu;.yu)e. F. S. Dept. Agr., Plant Dis. 
Beptr. 29: 04. 194.5, 
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Pig. 1. DiphnHa throbroniar. A, .sporos; H, jOftMiniiiatiug spoivs; (!, 2-year-old 
guayule pl.'uit uitli oik* diseased braiieh; and 1), jiyenidia. on two diseasi'd hranelies on 
Uifi, liealtliy Ina’ndi on right. 

and agitating the pyeiiidial nialerial in flasks of distilled water. The 
guayule plant nialerial and seed used in the experiments were of tln^ stand¬ 
ard variety No. 593, and were plaeed in tenpierature tanks at the beginning 
of the experimeiit. 
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The hrst experiment consistea of three treatments: (1) Guayule seed, 
100 ill eacli ])(>t, were planted in pots of pasteurized soil, and the soil surface 
sprayed with a suspension of Diplodia spores. (2) The leaves of ta*aii.s- 
planted nursery stock that had been permitted to »row for six weeks in 
8-inch pots were punctured to simulate insect injury and sprayed wdth the 
spore suspension. (3) The nouinjured leaves of similar transplanted 
nursery stock were sprayed with the spore suspension. 

Plants of two different afres were used in the second experiment. The 
first consisted of transplanted nursery seedlint^s that had ^rowii for eijiht 
weeks in the ^^reenhouse and had reached the fiowerinjt staj^e, but with all 
of the leaves still frreen and active. The second (*onsisted of older jilaiits 
that had *rrown in })ots outside the greenhouse for many months. These 
])lants were in a hardened condition and had many dead leaves on the lower 
])ortions of the sterns, and they were very similar to field-ft^'own guayule. 

All plants were sprayed with the spore susjiension, placed in tempera¬ 
ture tanks, and the containers covered to maintain a high relative humidity 
around the plants. The plants were then s])rayed with tap water at one- 
lionr intervals through the day to insure a film of water on the leaves. At 
the end of 24 liours four containers at each temperature had the covers 
removed. These and the covered plants were spi'ayed at intervals through¬ 
out the day with wat(*r to keep them moist. After 48 hours a second series 
of foul* (-overs was removed and all of the ]>lants sprayed throughout the 
(lay as before. An additional sei-ies had the covers r(mi()ved after 72 hours 
and 96 hours. 

Three inoc-ulated and one clu^ck plant for each treatment were used at 
each temp(*raturc. ranging from TdP to 100'^ F. in 10'^ increments. All 
]>lants were ])lac(Hl in the temj>erature tanks and aJlowi^d to stand for 12 
hours for teiiij)(*ratnrc adjustment before being sprayed with the spore sns- 
pensiou. A small hand sj)i*ayer was used and each plant was sprayi^d until 
thoroughly wet with the sjxn-e suspension. 8ul)s(^quently the plants Avere 
Avatered as needed to keep them vigorous. 

A germination test of tlie fungus sporc-s provc-d them to be viable (Fig. 
L A and B). Dry slich^s covered Avith spores Averc placed in moist (‘hambers 
Avhen* the humidity Avas maintained at 100 per x-ent; also, slides with spores 
in dro|)s of distilled Avatcr Avei*e k(‘pt in moist (-hambers. The spores in tlie 
drops of water germinated alter about four hours at room temperature (70'^ 
to 80" ) (Fig. 1, B), but it recpiired almost a full day for germination of 
tlie sportxs on the di’y slides maintained at 100 per cent humidity. 

Risults 

Experiment 7, Tnnimf nt 7. The plants began emerging after four daxs 
at 80° and 90° F., two to tlu*ec days later at 60°, 70°, and 100°, and aft(U* 
two we(»ks in tin* 50° tank. Soon after emergeiu-e some of the seedlings at 
70°, 80°, and 90° had symptoms of damping-off. Four seedlings damped-off 
at 70°, 4 at 80°, and 5 at 90 F. Diploetia was isolated from all the diseased 
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seedlings. Counts of emerged seedlings after 14 days at the various tem- 
]>eratures demonstrated that Ihplodia eansed appreeiable loss only at F. 
(Table 1). 

Experiment Jf, Treahnents :J and :i. Three days after being sprayed with 
tlie spore suspension there was no apparent infection of the plants at any 
temperature. These i)lants were again sprayed with the spore suspension 
on March 10 and lialf of the ])Iants in both treatments were covered in order 
to hold the humidity at a high l^^l and |)revent drying of the 61m of water 
on the leaves. On March 12 some of the covered plants at 80°, 90°, and 
100° P. had symptoms of Diplodia infection o| the leaves and small twigs. 

Isolations were made from the visibly infected twigs and Diploeiia was 
recovered from all of the platings. Isolations were also attempted from 
twigs without visible infection sympttmis. For all of these platings, a por- 

TAUTiE 1. —Emerged ffuayulc smUiiuh'i nftrr U days in soil inffstrd with JHplodia^ 
at various temperalvns 



Emerged .stHMllings, 


Soil 

inoculated soil 


teniperatun* 

Average of 



M replicates 


JJvyrer s h\ 

Sumhf r 

Numhvr 

50 

12 

16 

60 

47 

41 

70 

59 

46 

80 

•J6 

45 

90 

29 

51 

100 

16 

16 

tion of the twigs was 

surface sterilized for two minuter- 

; in commercial Clorox, 


full strength; the remaining portion was not s\irface sterilized but was 
washed thoroughly in distilled water and plated. In the higher temperature 
series, Diplodia m ns recovered fi-om b<»th surface-sterilized and non-surface- 
sterilized material, indicating that the fungus had penetrated the i)lant 
tissu(\ Diplodui was i*e(*overed from the non-snrface-sterilized but not from 
the surfa(fe-sterilized material at 3(f' F., indicating that inoculum was pres¬ 
ent in a viable condition, but tlie temperature was not favorable for infection 
to take [)lHce. 3 hei’e appeared to be no difftn-ence in amount of infection 
between treatment 2 and treatiiient 3. This test established the ])ath()- 
genicity Diplodui on guayule at certain temperatures, hence an additional 
test was needed to establish the moisture-time relationshii) of the infection. 

Experiment 2. Final obsei-vations were made on March 26 (six days 
after spore suspension was applied) and |)hotographs taken of the plants 
that haxi been ('overed for 48 hours (Fig. 2). The results at the various 
temperatures are given in table 2. 

IMauts from the 100° F. tanks were Jiot included in the photographs be- 
5 ause of the complete break-down of the l<*aves on both young and old jdants 
at that temperature when (H^^'t*red for two days or more. The high humidity 
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and hiffh temperature a.diiifv tofrelher apparently Mere responsible for the 
break-down. In the first experiment the uiieovered eheek plants at 100“ P 
survived, lienee the eoverin- at KK)“ seems to have had some effect other 
than aiding* fungus penetration. 



Fio. 2. (Tiijiriile imx'ulattMl with Dlplodia fheobromar. A, offoct of iiuliicod disease 
on liardeiied plants at indicated tein]H‘ratures and tiwic intervals. B, effect of inocula¬ 
tions on yonn^ succulent plants at indicated tein]>eratures and time intt‘Tvals. 


DISCISSION 

riio inoenlation tests established the lai't tJiat a liigJj ladative hurniditA' 
and liigh air t(*inperatnres are necessary foi* rapid infection by Diplodw, 
Inlection takes plai'C more <|nickly in older hai*dened jtlants than in 
younger vigorously growing jilants. Dead leaves on the plants definitely 
favor infection, perhajts because the fungus gi'ows sapropJiytically for a time 
on the dead leaves and then penetrates the green tissue. The rate of decline 
of infected |)lants is also markedly influenced by temperature and humidity. 
At all tem]>e]’atures up to and including 90^ F. there Avas no ai)|)arent fungus 
injury to the plants during the first 24-hour period Avhen they were covered. 
At 48 hours and subsequently, tliei*e Avas definite fungus injury at tempera¬ 
tures above 60°; hence it may be concluded tliat in an area such as south 
Texas during the rainy period in late summer when temperatures are high, 
the rains frequent, and the relative liumidity high, infection by Diplodia 
will take place. Optimum conditions for infection do not occur every sum¬ 
mer as evideiu^ed by the fact that guaynle plantings had been in south Texas 
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TABLE 2. ~1 nf(clion of pHaifidf' plaul.s hii DipItnHo as infltniicod by irumUhly at 
various Innpf raturvs 


Days 

covered 

IhuMpcra 

turo 

Young plants 

Old plants 

No, 

"F. 



1 

50 

No visible symptom 

No visible svnij)tom 

o 


do 

do 

;; 


do 

do 

4 


do 

do 

1 

00 

do 

do 

k> 


do 

do 

;; 


do 

Blig‘(it dainag(‘ to older leaves 

4 


do 

Ti]>s of healthy leaves slightly af 




fect(‘d and older leaves more so 

1 

70 

do 

Slight damage to healthy heaves 



do 

Pronounced damage to the leaves 




and some twig infection 



Necrotic areas on most of the 

Pronounced damage to the leaves 



lower leaves 

and some twig infection 

4 


Necrotic areas on most of the 

Projiounced damage to the leaves 



lower leaves 

and some twig infection 

1 

80 

No visible symjdom 

No visil>le symptom 



Slight necrosis on lower h‘avt‘s 

definite infection of stems and 



|>ronounced damage to the 
l(‘a v(‘s 




l*rouounced necrosis on lower 

1 plant dead and 1 partly dead 



leaves 


4 


Practically all leaves severely 

1 ]*lant dead and 1 partly dead 



affected and dying 

1 

90 

Blight necrosis of lower leaves 

No visible symptom 

*) 


Necrosis more pronounced 

1 plant com])letely dead, 1 juirtlj’ 




d(‘ad 

;5 


Bather general infection of 

Both |)lants dead 



leaves (‘xcept at growing tip 
of phiiit 


4 


1 plant dead, other severely 

1 plant d(*ad, other .severely af 



affected, most of the leaves 
dead 

fecred 

1 

100 

1 plant very .slightly necrotic. 

F(‘w dead twigs and extensive 



oth(*r severely damaged 

h‘af injury 

2“ 


All leaves dead when uncovered 

Plants severely affected, many 




twigs dead 



All leaves dead when uncovered 

Both plants dead 

4 


All leaves dead when uncovered 

Both plants dead 


The complete breakdown of the leaves on old oud voiing plants when covered 

for 2 days or more at 100" appannitly rt'sulted from factors other than fungus iiivtision. 

more than two years before an outbreak of DiphaJia of suffieient severity to 
eause aiipreeiable damage was recognized. 

The closely related species Parfheniiait invanurn known as 

mariola, is also slisceptible to Diplodia. Tlie infection was evidenced by 
pronounced spotting of the leaves but no branches or twigs were killed on 
the plants inoculated. It may be assumed that under the conditions of 
the experiment mariola is less susceptible to Diplodia infection than guayule. 

SUMMARY 

Diplodm iheohromae caused a severe die-back of 2-year-old irrigated 
guayule in south Texas in late summer and early fall of 1944. Younger 
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irrij^ated shrub and 2-Year-old slvrub on dry-land i)lHntinjis were not appre¬ 
ciably affected. 

Inoculation experiments demonstrated that spo]‘es in the soil eoiild cause 
the loss of small seedlings, es]>ecially at SO"" F. Leaf and twijx infections 
in tlie < 4 Teenhouse were dependent upon lii^h luunidity for 24 or jnore hours 
and temperatures of from 80° to 90° F. Hardened plants with old dry 
leaves were more susceptible to iufe(*tion than younji’ succulent plants with 
ji>Teen active leaves. 

Mississippi Agricultural Experiment Station, 

State College, Mississu*pl 



PllYT()PATll()UMiI(’AL NOTP] 


Copp(}' S-QHiK(tlih(*l(if(, a Pritunsinif Firiifpri(l('.- -Vri^lhunvdry labora¬ 
tory and field tests liave indicated tli(‘ possible vise of an orjianic* <*oinpomid 
tor tlu* eontrol of plant diseases. In ^lass-slide run.iiieide tests the eorn])ontid 
B-rpiinolinol and its <-o)»j)er derivative were both hij.ihiN' toxie to Sclrrohnui 
friiciicold, having an L D.oO ran^e of less than l.o inieroiirams per sq. cm. 
of ^’lass slide, (dilorine substitution on the 5 and 7 [lositions of these parent 
(‘ompounds decreased toxii'ity to an L.D.oO of 50 -ynd 200 mixvro^rams ])er 
s(|. em. of jilass slide, respectively; while bi*omine substitutions in the same 
positions deereaseil toxicity to an L.D.oO of 4()() and 1200 mierojirams, 
respectively. 

In 1945 these materials were used in field tests foi* the control of apple 
scab and blotcii. Other materials used f<u* com|>arison w(‘re Puratized N5-E 
(10 per cent i»lien\'l mercuri triethanol ammonium hudate), Isothan Q 15 
(20 per ceiit lauryl isocjuinoliuium bromidty), Isothan Q *12 ( 20 per cent cetyl 
isoquinolinium bromide), and Eermate ( rerric dimethylditliiocarbamate). 

A 30-year-ol<l hhx'k of Duchess api»le trees was divided into sinj.»le-t ree 
blocks with thi*ee single-tree r(‘plications ])er ti’eatment. Siu'ay ai)plications 
were mad<‘ on Ajvril 27, May 9 ami 23. .Tune 1, 11. and 22. and July 11. The 
first spray, April 27. was at tin* early bloom |)erioil and ('ontaijUHl otdy tlie 
respective fun^icitle treatments. The five succeeding* ai)plications contained 
the funjii^icide |)lus 3 lb. ot' lead arsejiate and 3 lb. of hydrated lime to 100 
^uillons of water, exce])t tiiat lime was omitted from sprays containinir Fei*- 
mate. Eermat(‘ in itself is an arsenical safener. The other fungicide ti'eat- 
ments are not known to be arsejiical c(urectives, thus lime was added when¬ 
ever lead arstmate was used with them. The last api)li(‘ation on July 11, 
contained only the fungicide treatment. The amount of each fun^dcide used 
to 100 gallons of spray is shown in tabh* 1. Final fruit records were taken 
on July 25 (Table 1). 

Altliou^'li 8-(piinolinol and its <*opper derivative w< re both hijihly toxi(‘ 
in the laboratory, the former did not retain its toxicity in the field and was 
the least effective of the six materials t(*sted. This mi};»ht possibly be ex¬ 
plained by its hifiher solubility in water, which would prevent less residual 
toxicity to be retained. The co])per content of the latter may have increased 
its effe(*tiveness in the fi(4d <oer the parent compound. Oopper 8-quinolin- 
olate, was highly tuneicidal and (*oinpared favorably with Fermate and 
Puratized N5-E in controlling- scab and blotch, (kmunercial control was 
not secured witli Isothan Q 15 ajid Q 32. 

Under the conduions ot the trial there was no visible fruit or foliage 
injury fromvany of the six materials tested. Fruit analysis (Table 1) of 
acid and soluble solids indicated that the funf>’icidal treatment affected indi¬ 
rectly tlie maturation. This fruit maturation difference tvas apparently 
direv*tly correlated with fungus infection in that the more severe the infec¬ 
tion, or the less the cvmtrol, the hi^dier Avas the decree of maturation. 
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TABIiH ].—Efficacif of S-qttiHoUind and its copper dr rirof irc in ttu rthdrol of scab 
and blotch on Duchess apple in W4.'> 


Kniit nnalysos 


Prreentage of fruit 
iiifoeted 


Trcatiucjit 

Aniouiit 
to 100 j^al. 


cent 

soluble 

solids 

Hefjri'c 

. - ~ 



of water 

I'er rout 
acid 

of 

luatur- 

ationa 

Scab 

Hlotcli 

Permate. 

1 lb. 

1 .:;s 

8.7 

M2 

37.8 

0.1 

('ll S-(juiiioliriolate 

11b. 

1.31 

8.7 

M 3 

17.3 

0.7 

Pura.ti/t‘d N5-E 

i pt. 

1.5U 

S.7 

M 1 

11.1 

7.0 

Tsotliaii Q 15 . 

1 pt. 

1.31 

0.4 

.\1 3 

3S.0 

54.0 

Isothan 32 . 

1 pt. 

1.32 

10.0 

M 3 

42.3 

Oti.l 

8 <|nii)olinol . 

1 11). 

l.je 

0.3 

M-1 

40.7 

86.2 


M 1, M2, M3, M 4 r: nclv.-niciii}; (lc^m*s of jiiatiirntiou. 

TIjp (*oiri])Oini(l poppor H-fpiinrniolate sliows (*onsideral)lp proinisp as a 
l)!'ote(‘1aiit for apple s(*ah and bloteli. 

The writer wisiies 1o ex]>r<*ss a|)]>r(M‘iation to Dr. R. A’. Lott. Associate 
Professor of Pomology in the Department for making- tile fruit analvses.— 
Dwight PowEnn, University of Illinois. Urbana, Illinois. 






KEPOKT OF THE :{7TH ANNUAL .MEETlN(i OF THE AMERICAN 
FHYTOPATHOLOOICAL S(X’lETY 


Tlic AiHoricHii PliytopMtholo^icHl Society luvid its .‘i7th oiinual meeting Avitli the 
vVmericnii Association for the Advancement of Science in St. Louis, Missouri, Marcii 
The sectional and business sessions were lield in tlie .lefferson and Statler 
hotels. Approximately 325 in(‘ml)t*rs attended. Kij>'lity-six ])apers on orij^^inal research 
were accepted by tin* editorial cojumittee for juesentation at tlie meeting. Tin* sections 
and nuinl>(*r of |)a])ers ])re8eiited in each follow: fungicides, 11; suiall grain diseases, 
10; viruses, 13; vegetable diseases, 10; physiology of pathogenic fungi, 9; cereal dis 
eases and |)athogens, 10; disease resistance and genetics, 9; t'orest pathology, 5 ; factors 
affecting disease ri'sistajice, 0; and 3 in the joint session with tin* Mycological Society 
of America. 

(Conferences included “Plant Disease Survey,” “Extension,” “Fungicides/' “Date 
Blight of Potato,” and a meeting of the Tobacco Disease ('Ouncil. 

The Phyto])athologists’ dinner, held in the Missouri room of the Hotel 8tatler on 
Thursday evening, March 28, was attended by two hundred and twejity. 

Council for 1946: 

J. ir. (CRAKnE, President (1 yr.), Central Experimental Farm, Ottawa, (\anada. 

A. J. Biker, Vice-President (1 yr.), Department of IMant Pathology, University of 

Wisconsin, Madison, Wisconsin. 

E. M. Johnson, Secretary (3-yr. term expires 1947 ), Kentucky Agricultural Exj>eri 
ment Station, Lexington 29, Kentucky. 

B. M. Caldwell, Tr(‘asurer, and Business Manager ot* Phytopathology (3-yr. term 

expires 194(5), Purdue University, Lafay«‘tte, Indiana. 

Helen Hart, Editor in-Chief, Phytoidithology (3 yr. term expires 1948), l^niversity 
Farm, St. Paul 1, Minnesota. 

C. H. Arndt, Agricultural Experiment Station, Clemson ('ollege, Clernson, South 

Carolina. 

B. W. (loss, College of Agriculture, Lincoln 1, Nebraska. 

B. J. Haskell, Extension Service, 1^. S. Departfm*nt of .\griculture, Washington 25^ 

11. B. Humphrey, Box 14, Cosmos (3ub, Washington 5, D. (’. 

L. 1). Leach, University Farm, Davis, ('alifornia. 

M. C. Bichards, Botany Department, ITniversuy ot* New Hamp.shire, Durham, N<*\v 

Hampshire. 

(J. M., 4'ucker, Botany Department. University of Missouri, ('olumbia, Missouri. 

Representatives; 

A.A.A.S. Comicil. J. (4, Horsfall, J. (■. Walker 

Division of Bioloiiy and Agrieulture, National Mrsvarch Counril. J. C. WAr.KER. 
Board of Bditois, Anurican Journal of Botanij. A. A. Dunlap. 

Standing Committees: 

Donalionx and Lrqariv . s . H. E. Newjiale, B. E. Vai ohn, (4. F. Weder, S. N. 
Zeller, N. J. (Iiddings, ('hnu 

Exi ( K , sion . O. C . Boyd, O. D. Burke, H. U . Garuiss, B. J. Haskell, C . E. Scott, 
C. (.'. Allison, ^4im. 

Divestm( nix. Marvin E. 1'owler, L. M. Hi tchins, Neil E. Stevens, B. M. Cald¬ 
well, ('hm. 

Necrology . W. J. ZAi MEYER, H. 1). Barker, Chm. 

PhytopathologiraJ. Cia.sxu\s. L. C. Knorr, Editor. John NTederhauskr, Business 
Manager. 

Placement. S. J. P. Chilton, M. W. Gardner, B. J. Haskell, Tj. M. Massev B. S. 
Kirry, (lim. 

Piddie Belali'mx. (). D. Burke, C. J. Eide, F. J. Greaney, T.. S. Hitchner, J. H. 
Jensfn, (\ L. Lefebvre, E. W. I..ylk, J. Di ain Moore, A. (4. Newhall, 'harry 
B. O ’Brien, P. P. PiRONE, A. J. Biker. Jose Bodriguez, B. IT. Swingle, H. W. 
Thi'RSTon, J. 0. Walker, K. Starr (Tiester, Chm. 

Regidatory Work and Foreign Plant Di.sensex. C. B. Orton, K. P. White E C 
StAkman, (Thm. 

Society Organisation. (4eorge Armstrong, O. C. Boyd, F. J. Greaney, J. B. Ken¬ 
drick, J. C, Walker, Freeman Weiss, Chm. 
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rnion (if Amrruum Bioloffirdl Sfichiics (and Biological Ahslracf.s). Donald Fol¬ 
som, L. M. Massky, W. C. Snydkk, W. G. Htover, G. C. Kent, Ulmi.; Helen 
Hart nud K. M. Johnson (ex officio). 

Special Committees: 

Coordination in Cereal and regclahlc Seed Treatment Research. (\ H. Arndt, F. J. 
Greaney, (\ M. Heansklkr, K. W. Kreitlow, L. D. LKArn, R . W. Leikel! 
(Jeoroe Semenii k, M. J>. Mooke, Ghm. 

Fungus Nomenclaturc. C. Al. Tucker, D. 8. Welch, Erdman West. (U L. Zl ndel, 
A. Stevenson, Ohm. 

Xonu nclature and Classi/iccitioH of Plant Y'lruses. (A W. HENNE/rT. L. AT. T{lack. 
James .Iofinson, H. H. ATcKinnea', II. IT. Ali'IiARTV, Frank ATcWhorter. 
Freeman Weiss, (Mini. 

Plant Disease Prevention. J. F. Adams, K. D. Bcti.er, ('. E. V . Gctekman. E. C . 
Stakman, Donated Fleti’Hek, (’hm. 

Membership Committee. W. F. Hcchholtz, Ma C. Snyder, (U C. Kent. A. A. 

Dtjnlai^ H. a. Kodenimser, E. AT. Johnson, K. W. Samson, (Midi. 

Publication Probh tns. AT. W. (Tardner, Francis O. Holmes, A. J. Biker, (Mini.; 

K. AT. (Mldwell Mild Helen Hart (ex officio). 

Reorganisation of Tnlernatwnal Cooperation. H. P. Harss, G. II. (’OONS. J. G. 

Hakrar, Otto Reinktno, J. A. Stevenson, E. U. Stakman, (Mimi. 
Standardisation of Fungicidal Tests. AT. (’. Goldsworthy, (’. S. Holton, J. G. 
Horsfall, AT. H. ATooke, G. F. 'Iaylor, H. W. Thurston, J. T). Wilson, s. E. A. 
ATc( ’ALLAN, (Mini. 

T(‘rminologg (XonK^nclature) of Immunology and Use of Technical Word.s. 1). I.. 

llMLEY, W. H. Burkholder, Donald Folsom, AT. W. Gardner, (Mini. 
irar Committee. J. G. Leai h, E. (’. Stakivian, J. E. AIelhi s, (Mini. (Executive 
(’onimittee). 

Coordination of Field Tests with Xew Fungicidal Dusts and Sprays. J. D. Wilson. 
(Mini, ((’ommitteo to be Miitiounced). 

Temporary Committees for 1945: 

Auditing. J. Kalfh Shay, R. W. Samson, Clnri. 

Resolutions. C. T. Gregory, H. C . AIuhphy, (’. Ai. Tucker, (Mini. 


Temporary Committees for 1946: 

Publication of Special Material. H. P. Barss, J. G. Leach, W. H. MMsdale, Donald 
(M\tion, (Midi, 

Sustaining Contributors. R. J. Haskell, F. L. Howard, J. J. (Tiuistensen, (Mini. 


Report of the Secretary. At the time of tin* last (Mmiicil meetiiifj on December 11, 
J944, in (MnciniiMti, Ohio, the irn'iiibershiji was 1089. On December .Ml, 1945, the total 
WMH 1100, a net jjain of 11 members. Tncbided in the 1100 were J8 new nn'inliers and 40 
reinstatements. During the period from December 11, 1944, to Decemlier Ml, 1945, the 
Soeiet.v lost 73 members: 9 by resignation, 9 by death, and 55 sus|)eiided for non-pay- 
me lit of dues. 

Ninety-three names wt*re presented to the Society for membership, 39 of whom aji- 
iditnl in 1945 and 54 in 1940; thus the total membership after the election on Alarch 30 
was 1193. Iffie 39 applyiiijur in 1945 will be placed in the 1945 report, while tin* 54 ap- 
jilyin^ in 1940 will be included in the totals for that year. 


Report of the Treasurer. 

1945. 

Receipts: 

Balance from 1944 
Annual dues: 

1944 . . 

1945 . 

1940 . 

30-A^ear Index 

Sales . 

Sustaining contributors . 
Unclassified receipt . 


Statement of accounts for *he year ending September 30, 


$2010.34 


$ 58.00 

4731.33 

104.00 $4893.33 
5.50 
42.41 
200.00 
114.25 


Total receijits 


5255.49 
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E:rp<‘ndif lives: 

sul)HiMiptions trMiisfmc'd to .PHYTOPA^riTOLCHlY: 

1944 .. $ 4().40 

1945 .. ..... :>772.;i5 

1945 . 

Tronsfcrrod to PHYTOPATIIOLOGY for: 

Snios: 

PhvtoiKitlioJojjv . 4.‘1.41 

aO^our liidox . 5.50 

Si*rr(‘tu ri;il work jind o\]kmi.s( s, Oftire of Secrotary 

do , OOico of l^rcsidcnt . 

do , Olifire of Trca.surtM* . 

Priiitin)^ aud stanipt'd ciivolo^uvs . 

St.anips . .. 

Moii(‘y ri‘turiu‘d for oxorpayiiioiit of duos .. 

llniik oliar^^o . 

Excduiiif^o charge . 

Donation to Union of AiiU'i ican T^iidogical Hociotios . 

Annual nu'cling exponses . 


$5900.95 


48.91 

LM8.28 

5(>.08 

275.75 

295.4(> 

(i.OO 

10.00 

J.95 

.85 

50.00 

23.55 


^’'(Oal (•x])(‘nditur(*.s . 

I balance on hand S(‘pt. 30, J 945 


$4893.70 

2378.07 

$7271.83 


Sinking Fund. Arlington and Fairfax Building and Ijoaii Uertifit-ate -\o. R 1423 
for JO Hhares (value $1000) transfernal to Arlington and Fairfax Building and Ja»an 
Association Savings Share, Account Certificate Xo. 70 (value $1000) January 1, 1945. 
'riiere was no chaiige in the principle amount of the sinking fund during tin* |mst year. 


the total remaining $9070.00. It is invested as follows: 

First mortgage note, at 4i ]M*r cent interest, d( 4 )ositt‘d with AlcTjachlen 

Banking Corporation for coll(‘ction . $ 500.00 

U. S. Savings Bond, Series C, 2i ]>er cent lOOO.fio 

Invest(*d with the following: 

(■olumbia Permanent Building .Assendation (acc.rin^d dividends‘$52.10) 552.10 

District Building and Doan Ass(K*iatioi] (accrued dividt*nds $152.29) 1052.29 

National Perfuanent Building Association (accrmnl dividends $203.30 ) 2203..30 

Northwestern Federal Savings and Loan Association 2000.00 

Perpetual Building Association (accrued dividends $104.20 ) 1104.20 

Prudential Building Associatioii (accrued dividends $20.41) 202.41 

Arlington and Fairfax Building and Uioan (accrued dividends $15.00) 1015.00 

$10289.30 

Less interest due PHY3X)l*.\THOL()CA' 013.30 


$ 9070.00 

The Lyman Memorial Fund, obtaijied from voluntary contrilmtions, now totals 
$3195.82. The whole amount is invested with the Brookland Building and Loan Asso¬ 


ciation, at 21 per cxnit. The account for 1945 is as follows: 

Balance on liand, Oct. 1, 1944 . .$3384.^5 

Dividends, Dec. 31, 1944 to June 30, 1945 94.01 

Voluntary contriluitions .. 20.00 

Memoir . , .TlO 


$.3499.30 

Less iiitere.st due Pil V3T>PA3’IIOTX)( JY 303.54 

$3195.82 


Additional Endov^ment: 

War Savings Bond, Scries i 

Total, Sept. 30, 1944 . $1050.00 

Peceived Oct. 1, 1944 to Sept. 30, 1945 . 50.00 

AVar Savings Stam})s 

Total, Sept. 30, 1945 . . 7 .Op 


$^ 107 . 0 (^ 
























Kkpokt of Annt’al ]Meeting 


577 


Report of the Business Manager. Tho tot;il i* of iioniiu mlK‘r Hul)s('ril)ors avms 

.554 oil Novornhor ISO, 1945, ro^iresoiithig a not gnin of 71 for tlio yi*ur 1945. These eon 
sisted of 3118 domestie, 32 (liinadiaii, and 184 foreign su})S(ril>ers. liududcd in tlie 
domostio subseriptions for Inter foreign Hliipniont are 30 for tin* (Miinese Ministry, 41 
for the IJ8HK, and 7 for The Netherlands; also 3 eoinpliinentary domestie subsc*ri])tions. 
There were 31 siibserijition eaneellations and siisjiensions in 1945. Not included in the 
reported subscriptions for 1945 are 55 subscriptions for the current volume, number 35, 
by the Ann^rican library Association, to be held by the Bociety for eventual shipment 
to foreign countries as may lu* designated by that association. 

The sales of back volumes and issues during 1945 totah'd .$1409.70. This included, 
among the larg(*r orders, amounts of $207.00 from West African Cacao Research Insti¬ 
tute, Tafo, Gold (^oast, and $208.30 from the Acme Agency, Bneiios Aires, Argentina. 

Statement of accounts for the year ending September 30, 1945. 

litcripts: 

Balance from 1944 .. $ 0372.55 

Subscriptions 

1944 . . $ 30.35 

1945 . 2924.73 

1940 . 204.20 

1947 27.50 $3252.78 

Member subscriptions: 

1944 . 40.40 

1945 3772.35 

1940 . 82.20 3900.95 

Sales of back numbers of BTlYT01*ATHOLOGy 1409.70 

Sale of Membership List 1.00 

Advertising 

1944 . 327.01 

1945 . 807.18 

Membership List 275.00 1409.79 

30-Y(‘ar Index . 105.00 

lntt*rest on Sinking Fund 

First mortgage*. 21.50 

Building and I.oan 80.00 

F. 8. Bond S(‘ries G 25.00 120.50 

Interest on current funds . 145.08 

Grant from Rockefeller Institute 000.00 

Allowance on reprints . 307.17 

From authors for excess illustrations 100.44 

Total receipts 11478.41 

$178.50.90 


T..t'pcvditnn(i!: 

Printing, distributing, and storing PHY1'OPATH()I3)G5 : 

Vol. 34, no. 9 : $708.93 

Id 080.40 

11 532.24 

12 733.09 

Vol. 34, Index ti03.94 

V(d, 35, no. 1 745.42 

V, 493.2‘^ 

:] 581.00 

4 507.50 

r, 731,00 

d 922.02 

7 710.05 

8 . . . 005.37 $8221.52 

Postage, PHYTOPATHOLOGY ^ ^ i04.17 

Se<'retarial work and office expense, Fditor-in-Chief 

do , Advertising Manag(*r 

Postage for Advertising Manager 
(Vunmission for Advertising Manager (1944) 

Expenses of Advertising Manager 
Becretarial work for Business Manager 

Btamps ... . 

Printing and stamped envelojies 


$8025.09 
741.02 
101.73 
5.49 
150.00 
19.12 
314.25 
7.00 
184.02 
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Office sujjplies . 

Miacellaiieoiifi . 33.00 

Postage, 30-Year ladex 

Ref 1111(1, siiViscription and sales 31.20 

Bank charges. 

Printing Membership Tjist 270.02 

Pliecks returned by bank . 12.00 


Total expenditures .. .'|?]0r)32.(>5 

Balance on liand: 

(Tiecking account . 2374.14 

Xorthwesteru Federal Savings and Loan . 4044.77 7318.01 


$17850.00 

i 

The 30-Year Index. Summarv of receiids and ex]K‘nditures October 1, 1044 to Sep- 
teniber 30, 1945; 

Balance in excess of (^xpcTiditures, 8(‘pt. 30, 1044 .$118.48 

Receipts Oct. 1, 1044, to Sept. 30, 1045 .. . 105.00 

$223.48 

Kx]»enses Oct. 1, 1044, to Sept. 30, 1045 8.30 

Balance in excess of expenditures. Sept. 3(», 1045 $215.12 

Membership List Account, 1944-1945. 

R(‘cei|ds for advertising . $324.08 

Printing, 150(1 copies . $208.02 

Postage for mailing . 8.00 27(>.02 


$ 48.00 

!Membershii» lists sold . 1.00 


Balance on hand, S(‘pt. 30, 1045 . $ 40,00 

Report of the Auditing Committee, as of September 30, 1945. W(* have exaniined 

tin* books of tlie Ib'easurer of the American Phytopathological Society and of the Busi¬ 
ness Manag(‘r of Phytopathology for the period October 1, 1044, to St‘pt(*mber 30, 1045, 
and ti]id all funds, receipts, and (‘xpenditnres of tin* S'^ciety and of PlI YTOPATllOLOOY 
]»r(>perly and clearly rec'orded and aecounted for. Much credit is due Miss Mellta 1\. 
House for IIm' exc(4ient state of the books. 

Signed: R. \V. Samson, ('hairmnn 
,1. If AliCll SVIAY 

Report of the Advertising Manager. PTTYTOPA^rilOJ.OOY carried a total of 05 
paid sul)scrii>ti(ms during tlie yerir 1045. There were 52 full page, 32 half ])age, and 
10 quarter ]>age advert i;-.emeTits. 

'Pile gross income from advertising Avas $1255.(M». 'PIk* net iiicomo to the Society will 
ai»}»ear in the Tre;isiirer's rejmrt. Advertising agench^s g(*t a 15 jM>r eent commission, 
and a 2 ])(*r cent discount Is allowed when bills are j»aid within 10 days. This accounts 
for the difference lad ween the gross and the net ineome. 

In addition to paid adv(‘rtisements, the Jlmrnal has carried 1 full page, 0 I'alf-page. 
and 10 qmwter ])agi* annomuMunent.** for the Society in tin* advertising section. 

'Phe presdit advertising manager wishes to express his a])preciati()n of the fiiu* lielp 
and C(aq>eration of the previous advertising manager, S. L. Ho}»persteMd. 

Report of the Editor-in-Chief. Two hundred and two individuals utilized tlie 1032 
]»ages of volume 35 of’’PTlYTOPATllOLOCY to publish 100 articl(*s, 31 note's, 39 al)- 
stracts, and 7 liiographies. The volume contained 210 tot figures and 7 jioitraits; and 
taOular mait'iial (‘oustitut(*d 11,5 pe^r cent of the 975 pages utilized for schvntiiic ]>apers. 
I'liree reports and three auMouri<'em<‘nts were ]mblish(rd for the Society in the volunn*. 

On March 1 1940, there were 04 papers on hand: 22 have Tioen acceqited for jnibli- 
cation, 17 are being rewised by tin* authors, and 25 are under eonsideratioii by the edi¬ 
torial board. Between January 1, 1945, and March 1, 1940, seven pajiers have been 
Avjtbdrawn or rejected. 

-v manual on “Preparation of manuscripts for Phytopathology’’ has been written 
liy Lr. A, J. Riker, a inember of the (*ditorial board. The American Phytopathologicfil 
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.Soeicly the manual at its ineetinif in Ciiu-iiiiiati, Ohio, lii Oeeciiilior, 1944. 

PiililicMtion is planned for 1946. 

Tbe editor is pleased t<» arkno\vl(‘dge the finaneial assistanee. given PTTYTO-* 
PAT'HOLOGY in 1944 and 1945 bv tbe Poekefeller Institute for Medical Research. 

Every nnnnbcr of tin* Editorial Board bas coo]>erated in revi(*\ving manuscripts sub- 
mitted for publication: tbe work of tbe editorial office would have been impossible witbont 
tbeir assistance. It is also a ])leasnre to acknowledge tbe advice and help of the Science 
Ibess Printing Company in met-ting tbe difficulties besetting scientific publications during 
Avar times. 


Beport of Society Representative on the National Research Council for 1946. 

Activity of the Division of Biology and Agriculture during tbe year may be summarized 
vvitb resj>ect to matters related to our field as follows: 

1. The Division has been active in keej)ing rejnesentatives informed as to the progress 
of tbe bills before Congress concei iied with a National Kesearch Foundation and bringing 
its influence to bear on tbe need of j>roper ernpbasis ujK»n research in biology in tbe 
formulation of this legislati(m. At your president’s recpiest a statement Avas prepared 
l)y your representative which was filed Avitb tbe appropriate Committee of Congress. 

2. A Microbir)logical Board witbin tbe Division aahs r(*commended to function as a 
C4‘iitral clearing and guidance agency in this field. Particular interest at the moment 
is concerned Avitb antibiotics Avbicb obviously reaches into tbe field of plant disease control. 
AVbile such a, board has not as yet been s(‘t up, ]>reiiminarv conferences have been held 
to consider organization sind tlie ]»ossi]iilities of financial support for siicli organization. 

‘A. The Office of Scientific Personnel continues to function with financial sup))ort by 
tb(‘ American Institute of Physics, tbe Americaii Alatbematicnl Soci(‘ty and the Matbe- 
matical Association of America, tbe (Jeological Society of America, and the newdy ftu’ined 
American Psychological Associaticm. During tin* war, Biology Avas repres(‘nted finan¬ 
cially by a special grant from tin* Xational Academy ($3000). At present biological 
societi(‘s an* Jiot contributing to this central effort. 

4. d’be (.b)mmitti‘(‘ on the Training of Kesearcb Workers in Agriculture is making a 
careful study of tin* ne(‘ds of fellowsbi]Ks in this field. If tbe Fellowsbij) program included 
in the National Research Foundation h*gislation does not materialize*, it is exjx'Cted that 
efforts will lu* made by the Division to initiate a strong fellowship program in Agri¬ 
culture. 


Report of the Representative to the Board of Editors, American Journal of Botany. 

During 1945 this n'presentative r(‘view»*d. at the retpiest of tin* Editor in-Cbief, four 
pajM'i's d<*aling with subjects of pltytopatlndogical interest submitted for publication in 
the Ameriean Journal of Botany. Three of these papers havt* already ai)peared in that 
journal. In two instances the names of W(‘ll-(pialified reviewers liave l>e(‘n suggested 
t<» tin* Editor iu Thief for pajjers dealing Avitli plant diseases or jdant-disease fungi. 

This relationshi]) with the American Journal of Botany lias been a jileasant one and 
it is sincerely hoped th:it tin* suggi'stions for imjirovement of the ])a]>eis examined have 
b<*(*n (if valin*. 


Report of the Necrology Committee. Death date of iin*mber not lueviously re 
]*orted : 

Jamf<;s I ha P. ^1( ^IrupifV, No\a*niber 2, 19411 
Deaths of members during DDo: 

J. P. Joi.ivKTTE, Felu uarv 2 
A. E. EiMiKt oMBK, Marcli o9 
Ij. 1?. .Tones, A]>ril 1 
M. B. Waite, June .5 
T>. II. Eeo.via.\', June 7 
(\ J, Kino, October 17 
R. B, JIakvey, N()vemb(‘r 4 


Report of the Manager of Phytopathological Classics. Reiioit for tin* fiscal yvnv 
beginning ()ctoI>er 1, 1944, and ending September .50, 194o: 


(dassic No. 1: Ou hand, 0<'t. 1, 1944 

Sold during year . 9 $ 4.50 

On hand, Se|»t. 30, 1945 6 

Classic No. 2: On hand, Oct. 1, 1944 216 

Sold during year H 4,00 

On hand, Se])t. 30, 1945 208 

Classic No. 3: On hand, Oct. 1, 1944 306 

Sold during rear 8 4.00 

Ou hand, Sejit. 30, 1945 298 
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Classic No. 

4: On hand, Oct. 1, 1944 

366 



Sold during year . 

. 7 

5.25 


On hand, Sejd. 50, 1945 

559 


Classic N<». 

5: On hand, Oct. 1, 1944 

604 



Sold during year . 

. 10 

12.50 


On hand, Sept. 50, 1945 

. 594 


Classic No. 

0: On hand, Oct. 1, 1944 

. 692 



Sold during year 

. n 

8.25 


On hand, Sept. 50, 1945 

. 681 


(5assic No. 

7: On hand, Oct. 1, 1944 

. 716 



Sold during year . 

. 14 

10.50 


On hand, Sejit. 50, 1945 

. 702 



$49.00 

C 

Value of books sent out (fiscal rear J94^-1 $49.00 

Ov(5rj)ayiuent (retained as credit) 

Money received on order of ju-evious year .75 

$50.()() 

Miuiey received during fiscal yt‘ar 194I-I94.’) $44.50 

(Iratis set of Classics for Editorial use { L. C. Kuorr) 5.00 

Due on account. .50 


$50.00 


J.s‘,sv7x ; 

Cash balance on hand, Oct. 1, J944 . $4().‘1.05 

Keceipts iluriug year 44.50 


Total ... $507.55 

Linbilii ifs : 

Error in financial records inherited from ju'evious years . 10.00 


Balance on hand. Sept. 50, 1944 $497.55) 

Total due oji account, S<‘]>t. 50, .1945 . . $ 20.25 


Your attention is calh‘d to tlie fact that tln*re remained only 0 copies of Pliytopatho* 
logical Classic No. 1 on St‘pteinbcr 50, 1945, and this classic is now ont of ]>riHt. Since 
most orders received are for complete sets, it behooves ns to consider the advisability of 
reprinting this f^lassic No. 1. A second edition of .500 co|>ies would jirobably meet our 
n(M*ds for several decades, and would allow onr future customers to buy aud maintain ;« 
comjdete set of Phytopathologi' al Classics. 

Report of Placement Committee. Ttie Placeir.ent Committee has had the busiest 
year since the em]>loyment agency was establisheil. This came about as a result of an 
unprecedented demand for jdaut pathologists and tiie return of veterans from the armed 
forces. 

During 19-15, tifty-two idant pathologists liad applications tiled Avith the committoe. 
One hundred and fifty five applications were sent to pro.spective employers who referred 
thirty nine positions to flu* committee. 

Incomplete records show that at least six [»lant pathologists obtained positions 
through till' eff(uts of the Placement (Vunmittee. 

Report of the Public Relations Committee for 1945. The reconstituted Committee 
has adojited a mwv nu'ans for acquainting tin* lay jmblic Avith pliytopathological progress 
by issuing-its “IDEA8 for Stories Featuring the f ’onqnest of Plant J.)iseaso through 
Modern Research.” Facli “IDEA” is a brief synopsis that may be developed into a 
feature article. “JDEA8” are sent, a feAV at a time, to editors of 90 leading national 
magazines. Tf an editor is interested in th;* deA'elopinent of an “TDEA/^ the matter 
is ref('-red to a specialist in that place of phytopathology, who prepares the article to 
meet tile editor's spi'cifications. The editor is oldigatiul to permit the scientist wlio 
provid<‘s the material to check the completi*d article, for scientific accuracy, and to reim* 
Imrsc the scientist at his customary rate. 

During the year. 51 “ IDEASAvere issued. More than half of those Aven* selected 
as base^ for feature stories by editors of Successful Fariuiiiig, Fortune, Scientific 
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Monthly, Southern Agriculturist, Food Packer, and other magazines, ^riie remaining 
<'IDEAS,'' those not preemjjted by national magazines, were distributed to a key man 
in each State for issuance to newspapers and radio stations. M any congratulatory ‘letters 
testify to the extensive use of these releases. The Committee is now represented on the 
editorial staff of the Scientific Monthly. 

The wa)rk of the Committee has been self-supporting. The coinmitteo members were 
requested to contribute to the work of the Committee 10 per cent of amounts received foj- 
published articles, and the proceeds have been somewhat more than enough to pay the 
out-of-pocket expense of the Committee—stationery and postage. 

The Committee takes this opportunity of thanking those members of the Society who 
have cooperated in the public relations Wrk during 1945, either by assisting the* Com¬ 
mittee directly or through their free lance efforts to the same end. For the future, 
"IDEAS" submitted by any member of the Society will be most wtdeome and will 
materially aid the work of the Committee. 

Report of the Committee on Biological Abstracts and the Union of Biological Socie¬ 
ties, Two Decades .—Twenty years ago a Joint Publications Committee, representing the 
National Academy of Sciences, Union of American Biological Societies, and American 
Association for the Advancement of Science, laid firm the foundations of Biological 
Abstracts. Nineteen volumes, comprising abstracts of some 425,000 contributions to 
rese«*irch, have now been published—a significant accomplishment in itself. More im¬ 
portant, hoAvever, is the fact that an agency for abstracting the entire world's output 
in biology was set going and has now’ been put on a secure footing for steady and 
rapid expansion in the years to come. This agency has also taken the initiative in estab¬ 
lishing a world-wide system of cooperation among biologists. With more than 3,000 
collaborators active in preparing and editing its material, Biological Abstracts has become 
one of the largest cooperative enterprises ever instituted by a scientific group. Plans for 
sectional publication have also been developed which represent a successful enterprise 
between institutional and specialized individual needs. Last year a new section—Ab¬ 
stracts of ITuman Biology—was added to the seven already in operation. 

During the 1920-35 period, organization of the enterprise was made possible by 
large foundation subsidies. The difficulties of the succeeding transition period are Jiow 
so well known among biologists as to require no summary here; suffice it to say that 
Biological Abstracts has weathered the storm, it stands on its own feet, its revenues 
have been built up to a point where continuance on a sound financial basis seems fully 
assured. Annual budgets have increased from $40,000 in 1938 to $89,000 in 1045. Tliis 
reflects a steady healthy grow’th based in the main on increases in earned income—a 
grow’th controlled through appreciation of the service by the scientists themselves as 
reflected in their increasing subscriptions and support in other ways. 

One Year. In the full edition of volume 19 (1945), 23,446 abstracts w’ere published. 
At the beginning of 1945 the regular covcr.age iuclmh^d 1,900 periodicals. During the 
year it had increased to some 2,130, many of the later additions being European journals 
wdiich had been unavailable through the w’ar years. In 1945 some 444 new subscribers 
w^ere added. An operational surplus of about $5,000 was reported, made possible by 
contributions including $13,655 from the industries, continuance of which cannot be 
counted upon. Tin* cost of producing Biological Abstracts has moro than doubled within 
the past four or five years. Salaries have had to be increased, and every phase of opera¬ 
tion is costing more. A sliglit increase for subscriptions to the complete edition was thus 
made necessary, but the price of Section D (Phytopathology, Plant Physiology, Plant 
Anatomy, Paleobotany, Systematic Botany, Agronomy, Horticulture, Forestry, Pharma¬ 
cognosy’ Pharmaceutical Botany, and Ecology) remains the same—only $6.00 (foreign 
$6.50). 

Plant Sciences. In Scidion D, Abstracts of Plant Sciences, approximately 5,500 
abstracts were publisliod during 1945; 883 of these, ivere in the subsection on plant 
pathology, and 275 furtluvr abstracts containing at least incidental contriliutions on plant 
diseases appeared in other sections, m.akiiig a grand total of 1,158. Subscribers to Sec¬ 
tion D increased by 96 during the year; of tliese some 25 were in response to the letter 
sent by this (kvmmittee to members of the American Pliytopathological Society. It 
might " 1)0 added that about 30 now subscribers resulted from a similar letter sent out 
to memb(‘rs of the Botanical Society of America by its Secretary. 

Some time ago this Uommittee endeavored to ostal.)lish a subsection for reviews of 
films dealing wdth plant diseases and pests. Much interest in the idea w’as shown in 
correspondence with research people and college and extension te.achers. No one during 
the war, how’cver, seemed to have the necessary time to implement the proposal. A com¬ 
parable subsection established by th<‘ bacteriolo’gical groups has already proved its worth 
in their several fields of iiiti're.st. The Editor of Biological Abstracts would like to see 
a section established for reviewing films of interest to the whole biological field. It is 
believed that teachers, extension w’orkers, and researchers would benefit from such a 
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section. The Committee therefore recommends that the Society accept the responsibility 
of reviewing for Biological Abstracts films relating to plant pathology, perhaps through 
its Extension Committee. 

llie Future, It is hardly too much to say that the greatest impediment to the 
advancement of science is the Jack of fully effective means by which the findings of the 
scientists themselves, and especially those of other nations, can be mobilized, brought to 
light, and put to work. Progress in carrying out the postwar plans for a nior(‘ adequate 
and worldwide coverage will depend largely on how far the users of Biological Abstracts 
are willing to go in concrete acknowledgment of its value, through a steady increase in 
the number who suljscribe. Biological Abstracts enters its third decade firmly estab¬ 
lished and willing and eager to give to scientists what they want and are willing to x>!»y 
for; it is their cooperative enterjjrise. 

Report of the Committee on Resolutions. Be it resolved that The American I^hyto- 
pathological Society exj^ross its grateful appreciation tO the following for their contri¬ 
butions to the success of the 37th annual meeting: 

W. D. Valloau and Stephen Diachun for their arrangement of the section programs. 

Carroll W. Dodge for arranging the musical program for the Society dinner, and liis 
general assistance as the Society's local representative. 

J. M. Hutzel, Executive Assistant A.A.A.S., for his helpful cooperation in assigning 
rooms and providing projection e<}uipment. 

The manageineiit of the Statler and Jefferson Hotels, x^articularly Mr. Bush of the 
Hotel Statler and Mr. Lucy of the Hotel Jefferson, for their assistance and courtesies in 
making their facilities available. 

The newspapers—-the St. lionis Post-Dispatch, the St. Louis (.Tlobe Dcmocrat, and 
the St. Louis Star-Times—for their effective handling of news coverage. 

BespcctfuUy suhmiiivd, 

0. T. Gregor'^' 

H. Murphy 

C. M. Tucker, Chainnan 

Elections and Appointments. A committee from the Council opened and counted 
the ballots, results of which were announced to the Sociedy at the bampud the evening 
of March 28: J. H, Craigie, President; A. J. Rikcr, Vice-President; C. M, Tucker, Couii 
cilor-at-large. 

The Council recommended and the Society approved the appointment of ITeJeji Hart 
as Editor-in-Chief for a three-year term, 194.6 through 1948; W. H. Burkholder, Editor 
for a three-year term, 1946 through 1948; Donald E. Bliss, 11. Loran Blood, A. L. 
Harrison, and liay E. Hirt, Associate Editors for a three-year term, 1916 through 1948; 
Paul E. Tilford, Advertising Manager of Phytopathology for a one-year term; L. C. 
Knorr, Editor for Phytopathological Olassics for a one-year term; .Ldin Niederhauser, 
Business Manager of Phytopathological Classics for a oiu*-year term. 

ReiJreseiitativcs of the Society, new committees, and clianges in committee i)ersonnel 
are given on the previous pages of this report. 

Nincty-threo applicants were elected to membership in The Ainerican Phytopatho¬ 
logical Society. 

Reports of Officers, Representatives, and Standing Committees are published on tlie 
previous pages. According to actjoii of the Society at the Philadelphia mooting, reports 
of Special and Temporary Committees are not to be published in the annual report. All 
committee leports submitted were considered by the Council. The reports rc'cnnimended 
for ai)pr(>val by the ('OUiicil wx'rc accepted by the Society. 

The Society approved the following recomimmdations by the Connell. 

1. That the paper entitled ‘'Preparation of Manuscripts for Phytopathology,’’ men¬ 
tioned in the report of the Committee on Publication I’roblcms and prtq>ared lu accord 
with the instructions of the Society at Cincinnati, be published in PHYTOILATHOIjOGY' 
and that the mannscript be held in type four months in order to give those wdio wisli 
copies an opportuiiity to purchase them from Science Press Printing (bmpany, Lancaster, 
PeniiLiylvania. 

2. That the annonncemeiits of Tentative and Recommended Methods of the Com¬ 
mittee on Standardization of Fungicidal Tests be published in Phytopathology as adv<*r- 
tisements, whenever space is available, without cost to the Commitfee. 

B. The appointment of J. G. Horsfall as the Society’s representative on the A.A.A.S. 
Council for a two-vear term. 

•X. The appointment of J. C. Walker as the Sochdy’s representative on the Division 
of Biology and Agriculture, National Research Connell, from July 1, 1946 through 194S. 

5. The appointment of A. J. Rikor on the Committee on Public Relations. 

6. The appointment of. H. R. McLarty on the Committee on Nomenclature and 
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Classification of Plant Viriisos in place of IT. Earl Tlioinas, wlip was appointed last year 
but refused to serve. 

7. That the Secretary write Mrs. L. K. .Jones a letter, on behalf of the Society, 
expressing the Society's appreciation of the bequest of $100 to the Society, loft by the 
late L. R. Jones. 

8. The establishment of a Special Committee on Coordination of Eield Tests with 
New Fungicidal Dusts and Sprays, and that J. D. Wilson be appointed chairman with 
the power to name his committee. 

9. That the Tol)acco Disease Council l>c asked to study the possibilities of eradica¬ 
tion of blue mold of tobacco and make recommendations to the Council of The American 
Phytopathological Society. 

10. That it be the sentiment of The American Phytopathological Society that a 
means of affiliation of Phytopathological Societies in other countries be provided for in 
the revised Constitution, provided such societies wish to affiliate. That each affiliate be 
given the minimum of privilege of representation on the Council. That the proceedings 
of such affiliates be published in Phytopathology at the Society V. expense. 

11. That the name of the New England Division be changed to the North Eastern 
Division, as set forth in a petition presented to the Council. 

12. That the 38th annual meeting be held Saturday, December 28, through Monday, 
December 30, 1946, in Cincinnati, Ohio, in Cleveland, Ohio, or in (ffiicago, Illinois. 


ANNOUNCEMENT 

The thirty-eiglitli meeting of the American Phytopathological Society 
■will be held at the Xetherlaiid Plaza Hotel, Cincinnati, Ohio, December 
28-30, 1946. 
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JAMES PETER JOJyiVETTE 
JuJy 20,1915--February 2, 1945 

James Peter Jolivette was graduated from the University of Wis¬ 
consin in 1937 with the degree of Bachelor of Science in Agriculture, 
and in 1941 he received the degree of Doctor of Philosophy from the 
same institution. 

From 1941 to March 20,1942, he wal Instructor in Plant Pathology, 
University of Wisconsin, in charge of the truck crop disease field lab¬ 
oratory at Kenosha, Wisconsin. During his college days, he was in 
the Reserve Officers’ Training Corps. When he graduated in 1937, he 
was commissioned as Second Lieutenant, and in 1941, First Lieutenant, 
in the Officers’ Reserve Corps, U. S. Army. He was called into active 
military service March 20, 1942. From Ma.y, 1943, until his untimely 
death on Luzon, P. I., by enemy fire, he was Ca])tain of his Company, 
Co. L, 20th Infantry, 6th Division, U. S. Army. 

As an investigator in his chosen field of plant pathology, Dr. Joli¬ 
vette showed marked ability and originality, both in fundamental re¬ 
search and in its practical applications. As a soldier, his courage and 
leadership were an inspiration to his men. The memory of him as a 
soldier, as a scientist, and as a man w411 continue to be a lasting in¬ 
spiration, especially to those who were fortunate enough to know him. 


ALBERT EDWARD EDGECOMBE 
February 5, 1897~“March 30, 1945 

Albert Edward Edgecombe was graduated from Queens University 
(Ontiii io) in 1923 with the degree of Bachelor of Arts, and in 1929 he 
received the degree of Doctor of Philosophy from the University of 
Chicago. 

From 1929 to 1939 he served as Assistant Professor of Botany and 
as Associate Professor from 1939 till his death, all at Northwestern 
University. His special field was mycology, and Ids researiihes dealt 
with certain rusts and dei'matophytic fungi. Ilis teaching activities 
covered a wide variety of botanical subjects. 

Dr. Edgecombe Nvas a charter member of the Mycological Society 
oi America and a member of several other scientific organizations. lie 
v-as a man of Idgli standards, l)oth in research and in t(‘aeljing, of in¬ 
defatigable industiy, and oC broad interests. He believed that assidu¬ 
ity shordd be a cliiel' criterion of one’s success. 



1946] 


IIeport of Annual Meeting 


585 


LEWIS RALPH JONES 
December 5, 1864-April I, 1945 


Born and reared on a Wisconsin i'arm, LcAvis llalph Jones later 
attended Ripon College and the University ol' Michig’an (Idi.B., 1889), 
tau^^ht '‘natural science’’ at Mount Morris Academy, Illinois, and in 
1889 became Instructor in Natural History at tlie University of Ver¬ 
mont. Here he was ra])idly advanced to assistant and associate pro¬ 
fessorships, becoming full Professor ot* Botany in 1893. He was ap- 
])(>inted Botanist of the Agrieidtnral Experiment 8taUo;i in 1889, and 
continued in these two capacities until he left Vermont in 1910 to 
found a de|)artmt‘nt of i)lant pathology in his home State university. 
Organized for research and training of men and women to carry on 
the torch of discovery, his new dejjartment rapidly became a mecca 
for graduate students. Professor Jones retired from actixe service in 
1935, but continued his important responsibilities in tlie National 
Academy of Sci(‘nces and as committeeman, trustee, and counselor. 

Of degi‘ees and honors Dr. Jones had many—the much covetcMl hon¬ 
orary doctorate from Cambridge University (Sc.D., 1930), and others 
from the universities of A’ermont (8c.1)., 1910), AVisconsin (Sc.D., 
]93()), and Michigan (Pli.D., 1904; LL.D., 1935). He held Avorld-wide 
ni(*Tnl)ershii)s in over twenty scientific organizations -with high offices 
in ten or more. lie was one of the chief organizers of tlie A'ermont 
Botanical (dub, Foi’cstry Association of Vermont, Boyce Thompson 
Institute, ''.rropical Plant Research Foundation, and American Phyto- 
liathological Society and a leading spirit in the Botanical Society of 
America. In his chosen field of plant pathology, he was the prime 
mover in the national society, its guardian and guide throughout the 
formative early years, its first president (1909), and the first editor-in- 
chief of its official journal I’HYTOPATHOLO(dY (1911-14). 

Jones was pre-eminent as a researcher. Among the more outstand¬ 
ing of his contributions are those on Bordeaux mixture, potato diseases, 
sap flow in sugar maple, bacterial soft rot of vegetables, the nature and 
control of diseases in plants, the development of resistant varieties, 
and the effeets of environment on infection and pathogenesis. 

Professor Jones lield the rare distinction of standing high not only 
as researcher, but also as practical agriculturist, organizer, adminis¬ 
trator, and teacher. It is as a teacher, however, that his influence will 
perliaps extend furthest and last longest: first because of the man him¬ 
self, and second because he knew that lie could best serve his time by 
developing men, programs, and institutions—lie was above all a human 
catalyzer of ideas and ideals. To sit under his tutelage was a liberal 
education in itself; he taught science ‘‘with a difference.” 
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MERTON BENWAY WAITE 
January 23, 1865-June 5, 1945 

Merton Benway Waite was graduated from the University of Illi¬ 
nois in 1887 with the degree of Bachelor of Science, and in 1919 the 
University of Maryland conferred on him tlie degree of Doctor of 
Agriculture. 

Prom 1887 to 1888, Dr. Waite served as assistant to Dr. T. J. Bur- 
rill at the University of Illinois. Prom T888 to the time of his retire¬ 
ment in 1935, Dr. Waite was employed in the U. S. Dejjartment of 
Agriculture, at first with Dr. B. T. (lalloway in the old Section of 
Vegetable Pathology and later as head of the Office or Division of 
Pruit Disease Investigations, in the Bureau of Plant Industry. Prom 
1930 to 1938, he was a lecturer on plant diseases and from 1932 to 1938, 
also on i)lant ecology, in the Glraduate School of the Department of 
Agriculture. 

Dr. Waite was a charter immiber ol* The American Phytopatholog- 
ical Society and a member of a number of other scientific, organizat ions. 
He was an unusually keen observer, an enthusiastic, inspiring leader, 
with a wealth of knowledge, clear vision, and well-balanced judgment. 
His scientific attainments are reeogniztMl the ’svorld over and rvo a con¬ 
tinuing memorial to him. Ills genial smile and cordial greeting will 
be greatly missed by his many friends. 

LEON HATCHIG LEON!AN 
Pel)ruary 27, j888--June 7, 1945 

Leon Hatchig Leonian was graduated from the University of Ken¬ 
tucky in 1916 with the degree of Baclielor of Seienee and. from the 
University of Micliigari, he received the degree of Master of Science 
in 1917 and the degree of Doctor of Philosophy in 1922. 

Dr. Leonian served successively as Assistant Res(‘arch Horticul¬ 
turist at (^lemson (MIege Agrj('ultural KxpcrinK'ut Stivtion, 1917-18; 
Assistant Professor of Botany and Plant Jhdliology at New Mexico 
State College and Experiment Station 1918 -1922 (part time) ; and in 
the College of Agriculture and Agricultural Experiment Station of 
West Virginia University, as Assistant l^roff^ssor of Plant Patliology 
from 1922 to 1926; Associate Professor of Plant Pathology, 1927-1936; 
and Professor of Mycology and Mycologist, from 1936 to the time of 
his death. 

A/, a resear(dier, Dr. Leonian did notable Avork, particvdarly on the 
physiology of fungi, and as a teacher, he Avas a favorite with his stn- 
deiits. His frank Avays and pleasant smile will be greatly missed by 
his many friends and associates. 
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CHALMKRS JACKSON KING 
Oetoher 26, 189J-0(itoh(n’ 17, 1945 

Clialmers Jnekson Iviiij? A\'as graduated from Clemson (JoJJege in 
1918 'vvith tlH‘ d(‘gi*(‘{' of Baelielor of Science, and pursued graduate 
work there in 1914. 

From 1914 to 1916 lie was Instructor in Soils at Clemson College 
and Assistant (4i(‘uiist in the South Carolina Agrieultiiral Experiment 
Station. lie wtmt to Arizona, in 1917 as Assistant in l>iopliysi(*al In¬ 
vestigations \Nitli the ]>ureau ol* Plant Industry, S. Department of 
Agriculture. In this ])osition througli 1920 he eondiiel(‘d research in 
cotton and citrus nutrition and water requirements. From 1921 until 
his death lie was Superintendent of the Ih S. Cotton Field Station at 
Sacaton, Ai'izona, Under his direction Sacatou became an important 
center for cotton r('searcli. From 1985 on, he Avas in (vharge of the 
Federal program of cotton research in the SoutlnATstern States. 

‘‘C. as he was familiarly known to his associates and to (cotton 
producers throughout Arizona. California, Xcav Alexico, and Avest 
Texas,. devis(‘d ])ra('tical control measures 1‘or the crazy-loi) disorder of 
cotton, foT* I’liymatotrichum root rot, and for otlier diseases under irri¬ 
gated conditions. He contributed much to his associates in inspiring 
intei'cst in cotton researcdi and to cotton producers in helj)ing them to 
understand and to overcome practical production problems. 
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RODNEY BEECHER HARVEY 
May 26, 1890-NoveiTiber 4, 1945 

Rodney Beecher Harvey was a graduate in the pliarmaciv course at 
Purdue lliiiversity in 1912 and was gi*a,duated from the University ot' 
Michigan in 1915 with the degree of Bachelor ot' Bcience. In 1918, 
he received the degree of Doctor of Philosophy from tlie University of 
Chicago and tlic honorary degree of Doctor ot Bcience troin Ihirdue 
Uidversity in 1939. 

Dr. Harvey served as Assistant Botanist, Eli Tjilly and Company, 
1912-13; Assistant Botanist, University of Michigan, 1915; Micro- 
analyst, 1915-1919, and Physiologist, 1919-1920, Bureau ot Plant 
Industr>-, U. 8. Department of Agriculture; and at the University of 
Minnesota and Agricultural Experiment Station lie served as Assistant 
Professor of Plant JMiysiology, 1920-1923; Associate Professor of Plant 
Idiysiology, 1923--1929; Associate Professor of Piant IMrvsiology, Agri¬ 
cultural Botan}^ and Horticulture, 1929-1930; and Professor of Plant 
Physiology from 1931 to the time of Ids death. excei>t certain periods 
while on teinporaiy leave*. During 1936 37, In* served as Director ot 
the Citrus Laboratory, Dimedin, Florida; and during 1942-43>, he was 
Director, Division ot Inclustria* Microbiology, General Mills. 

He was honored by being granted a Guggenheim Memorial Foun¬ 
dation lYdlowship, 1927-28. He was a charter Member ot the Amer¬ 
ican Society ot Plant Physiologists (Secretary, 1923-25; Vice-presi¬ 
dent, 1931; President, 1936; and Executive Committee, 1937-). He 
was a member also ot the Botanical Society ot America, Ecological 
Society, and the American Phytopathological Society. 

Dr. IlarAu^y did notable work on a wide range of problems in the 
field of plant physiology. Some of these that have close relation to 
plant pathology are; absorption of electrolytes by plants; enzymes of 
respiration; reactions of protoplasm to low temperatures; ethylene 
ripening of fruit; and the nature of toxic action. He was a progres¬ 
sive thinker and w^as iimisually active in whatever he undertook. 



ASSOCIATION OP XANTHOMONAS PHASEOLI AND THE 
COMMON BEAN-MOSAIC VIRUS, MARMOR PHASEOLI. 

II. DISSOCIATION STUDIES OP X. PHASEOLI 

Florence II e d g e s i 
(Accepted for publication March 10, 1946) 

INTRODUCTION 

In earlier studies (4, 5) the writer found that following?: a lonji^-contimied 
uninterrupted m vivo assoeiation within stririf^less Green Refuj>ec variety 
of common bean (Phciscolus vulgaris L.) of the seed-borne infective aj^ents 
Xanthomonas phaseoh (E. E, Sm.) Dowson and bean virus 1 {Marmor 
phaseoU Holmes), the severity of the virus symptoms had ^renUy increased. 
■Whether this was due wholly or in part to the association of bean virus 1 
with the bacterium, to the chance entrance of another virus into the host 
(5, p. 689), or to the production of a mutant of bean virus 1 was not known. 
The fact remained that, be<*innin^ with the IlStii serial passage from bean 
plant to bean plant of the juice containinjx the virus and the bacterium, an 
ultra-sei ere form of mosaic was produced in 100 per cent of the plants (5, 
Fil^. 1). This persisted from the 98th through the 50th serial passage. 

The bacterium, on the contrary, had diminished in its virulence to the 
point of complete i'ailure to produce symptoms of bacterial infection and to 
maintain itself in its '‘typicar’ virulent 8“ yellow form in the host tissues. 
This condition persisted for 10 serial passages after which bacterial symp¬ 
toms r(^-appear(Mi on tlie ino(Milat(‘d primary leaves and it was again possible 
to isolate typical Xanthomonas phaseoU from the inoculated bean plants. 
The 65 checks in this serial ])assage had no sign of seed infection. 

In the interim mildly jiathogenic 8 opaque-white colonies and nonpatho- 
geiiic 8 pink ones ap|)eai*ed in the poured plates from the inoculated plants. 
Tliese aberrant types that had previously been observed from time to time in 
association with “typicar’ 8 yellow colonies were believed to be variants of 
XaMihomonas phaseoU, 

In the present (^omunication the writer reports studies, by means of 
dissociation exjieriments, of the changes that the bacterium had undergone 
during its association with the virus in vwo. 

MATERIALS AND METHODS 

The cultures selected for this study w^ere as follows: 

1. A virulent 8 yellow isolate of Xanthomonas phaseoU from the 34th 

1 Forim^rly aasociato pathologist, Division of Fruit and Vegetable Crops and Dis¬ 
eases, Bureau'of Plant Industry, Soils, and Agricultural Engineering, Agricultural He- 
search Administration, Plant Industry Station, Beltsville, Md. 

2 Abbreviations are used to designate the type of colony: S, smooth and shining; 
±S, more or less smooth and shining; R, rough; ± R, more or less rough; RS, Inter¬ 
mediate between rough and smooth or containing both characters (applied to a given 
culture at a given time) ; R-S, sometimes rough and sometimes smooth (applied to the 
white variant of Xanthomonas phaseoU). 
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Fig. 1. Diagram of Quirk's dissociation technique used with P(M + P)“‘ and ‘‘nor¬ 
mal '' Xanthomonas phaseoli, A. Series from young culture as check. B. Series directly 
from aged, medium-I i)late. C. Series from leached contents of aged i>late of medium i. 
D. Series from filtrates of leached contents of aged plate of medium I (filtration ap¬ 
paratus in refrigerator overnight). 

Abbreviations: I-IV, Quirk’s potato media; PD, potato-dextrose agar; Th, Thaxter’s 
potato;d^rose agar; 6.0, 7.0, 8.0, pH 6.0, pH 7.0, pH 8.0 beef-infusion agars or broths 
(agar indicated by objiqne bne in tube); L.M., litmus milk. 
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serial jiassage of infected juice from bean plant to bean plant, marking the 
expiration of two years’ iininterrnpted association of the common bean 
mosaic virus and the ba(*teriiiiri in vvvo. This isolate, designated P(M + P) 
originated from a single colony among only 5 colonies in the isolation plate; 
and all 5 colonies of the plate resembled those cliaracteristic of the virulent 
S yellow type-form of X. phaseoli. In the designation P(M f P)'*^ the P 
denotes A anthonionas pliascohy the M denotes the mosaic virus, and the 
superior figure 34 denotes the 34th serial passage of bean juice containing the 
virus and the bacterium. The 34th serial passage was the second previous 
to the disapiiearanee of all sym])toms of bacterial infection and the fourth 
preceding the onset of ultra-severe mosaic symptoms. 

2. An S y el low", single-c'olony culture of “normal” Xanihommas phaseoli 
isolated 8 months before from a lima beau pod and having no history of 
association with the mosaic virus. This strain likew"ise w^as very virulent. 
It was designated “norinal” Xanthomonas phaseoli. Like the preceding, 
it was transferred from a tliiidy sown i)late. 

The technique and tlie imnlia us(‘d w"ere those of Quirk (11), to whom the 
wnnter is much indebted for suggestions as to their use. The procedure, 
diagrammatically sliown in figure 1, w\is as follow"S: 

Series A. A check s(‘ries of each isolate was made from a young culture 
on steamed potato cylinder. 

Direct transfers fi*om 4-day-old steamed-potato-cylinder cultures of the 
twu isolates, P(M i P) '"^ and “normal,” were made on February 20 to 
Petri dislies (150x15 mm.) containing a thick layer (8 mm. cir.) of hard¬ 
ened Quirk’s medium I. Tlie two strains w^ere indistinguishable in the 
parent potato cultures. The i)late cultures on Quirk’s medium I were aged 
3 we(vks at room teni])erature. At the end of this period the gTuwth of 
P(M ' P)^'* wus very ])ale yellow (slightly greenish yellow^ with a w^hite 
margin; the “normal” culture was a deeper greenish yellow with white 
sectors. These aged cultures were used in Series B, C, and D. 

Series B. Transfei-s of the 2 isolates weri^ made directly from the aged 
plates to flasks filled to a deptli of 1 to li inches with Quirk’s media II, III, 
and IV and to tubes of Quirk's medium I, Potato-dextrose agar, Thaxter’s 
potato-dextrose agar. Beef-infusion agar at pH 6.0, pH 7.0, and pH 8.0, 
Beef-infusion broth at pll 6.0, pll 7.0, and pH 8.0, and Litmus milk. In 
other words, the tubes comprised a set of the culture media most commonly 
used for phytopathogenic bacteria plus Quirk’s medium I. Later, steamed 
potato cylinders, upon wdiicli “typical” Xanthomonas phaseoli growls very 
characteristically,''* w’ere included in the tube setup. No beef-extract agars 
w^ere used. 

Series C (leached). In this paper the term “leaching” is applied to a 
soaking or steeping of material from the aged plate cultures. The proce- 

•’* Copious, smooth, Bhiuing, more or less fluid or ‘^sinipy’’ growth of varying shades 
of yellow. If potato cylinders lialf covered with water are used before they have been 
aUowed to dry out at all, the growth usually so tills the liquid that the cultures can be 
turned upside down with impunity. 
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dure was as follows: Fifty cc. of 0.5 per cent dextrose solution was auto¬ 
claved in 500-ce. flasks and cooled to 60'' C. cir. At this point were trans¬ 
ferred to the flasks small pieces of the agar substratum from the aged plates 
after the greater part of the bacterial growth had been removed with a 
sterile swab and discarded. About I of the layer of agar in the Petri dish 
was used. The dextrose solution was hot enough to soften the agar and 
expedite the freeing of any filterable forms that might have penetrated it, 
and at the same time the solution cooled off too cpiickly to kill Xanihomonas 
'pha^eoli, the thermal death point of which is about 50° C. with a 10-minute 
exposure. The flasks were well shaken i|?iid allowed to stand about 20 min¬ 
utes. Transfers from the leach were then made to the same media as in 
Series B. 

Series D. The suspensions of the two isolates in the 0,5 per cent dextrose 
leaching solution used in Series C were filtered bj^ gravity through a Charri- 
berland-Pasteur L 3 filter immediately aft(‘r making the Series (/ transfers. 
As this step was reached so late in the afternoon that insufficient filtrate w^as 
obtained for inoculum by nightfall, the filtration was completed in a refrig¬ 
erator held at 10° to 12° C. and transfers like those in the preceding series 
A, B, and C, were made early the next morning. 

Qxdrk^s media I-IV, The following directions for making the special 
potato media used in these investigations were furnished by Miss Quirk. 

Medium I, yeast-potato-mannitol-nitrate agar Avith oxidized ])otato-ex- 
tract base, prepared as follows: Scrub potatoes thoroughly, pare, grind in a 
meat grinder. To 2 parts distilled water a<ld one part potato. Allow to 
stand in open glass or enamel receptacle in refrigerator overnight. Next 
morning stir mixture well to distribute starch. Filter through cheeseclotli 
to let juice and some of the starch pass. Put oxidized juice and starch into 
large flasks and autochn e (»ne iiour at 115° C. Let stand overnight in flasks 
to precipitate the cooked starch. Decant the suj)ernatant liquid and filter 
through cotton. Do not add water to make up to volume. 

To 500 cc. oxidized potato extract, add 100 cc. yeast solution,'* 500 cc. 
distilled water, and 15 g. agar. Cook mixture for one hour in steamer. 
Fiit(*r through cotton, add the following chemicals: 10.0 grams Mannitol, 
0.2 g. NaCl, 0.2 g. KoHPO,, 0.2 g. MgS 04 , 0.1 g. CaSO,, 1.0 g. CaCO,, and 
1.0 g. KNO,. 

Stir chemicals well into hot agar (steam 10 or 15 minutes if necessary). 
Without liltering mixture, distribute medium in small flasks to a depth of 
1 to 1| inches. Autoclave 20 minutes at 115° C. 

Medhim II, unoxidized-potato agar (4 per cent). Prepared as Thax- 
ter’s potato-dextrose agar (2, p. 154) but with an additional 2J x^er cent 
agar. Slice potatoes thin and immediatel.y cover with distilled water to 
prevent oxidation. To 2 j)arts of distilled water add 1 part potato. Steam 
20 minutes, or let simmer in a water-bath, below 60° C., for 1 hour. Filter 

4 stock yeast solution: 100 g. yeast cakes (Fleishman's), 1000 cc. of distilled water. 
Cook 4 hours in steamer, stir occasionally, rdlow yeast to settle. Decant simernatant 
liquid and autoclave 20 minutes .nt 115° C. 
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through cheesecloth and make up to original amount with distilled water. 
Add 2 per cent dextrose and 4 per cent agar. Cook 1 hour. Filter through 
cotton. Distribute in small flasks. Autoclave 20 minutes at 115° C. 

Medium III, oxidized-potato-extract agar (4 per cent). Prepare potato 
extract and yeast solution as for medium J. Add 2 per cent of dextrose and 
4 per cent of agar. Cook 1 hour. Filter through cotton. Distribute in 
small flasks to a depth of 1 to 1| inches. Autoclave 20 minutes at 115° C. 

Medium IV, potato-starch medium. Precipitated sterile starch jelly 
obtained whil(‘ making oxidized potato extract for media I and III. This 
cooked precipitated starch is washed well under running tap water. The 
washed starch jelly is then distributed in small flasks to a depth of 1 to 1^ 
inches. Autoclave 20 minutes at 315° C. (No ingredients added to the 
starch jelly in medium IV.) 

Pathogenicity testing. The pathogenicity of the dissociated cultures was 
tested by rub-inoculations on the underside of the primary leaves of young 
Stringless Creen Kefugee bean seedlings. Both the undiluted bacterial 
growth and sterile-distilled-water suspensions of the same were used as 
inoculum, A large number of noninoeulated isolated checks was always 
held. 

The line of Stringless Green Kefugee bean used in the pathogenicity 
tests was the same as that used in the serial passages described in the earlier 
paper (5, p. 666). The seed was collected by W. J. Zaumeyer from healthy 
plants in his breeding plots at Greeley, Colorado. 

CULTURAL STUDIES 

I. Dissociated Cultures Prior to Filtering 

By the Quirk technique of demonstrating dissociation, most striking dif¬ 
ferences between the P(M P)‘^^ strain and '^normaP' Xanthomonas 
pha^eoli were readily revealed. This showed to be a fact that which the 
writer had suspected from the behavior of the bacterium in the serial 
passages, namely that .Y. phaseoli had undergone considerable change dur¬ 
ing its two years’ uninterrupted as.sociation with the virus in vivo. 

Strain P(i/ f P)'^. Transfers from the aged plate before and after 
leaching {Fig. 1, Series B and C, respectively). The bacterial isolate Avhieh 
had been associated continuously for two years with the virus in vivo was 
readily dissociated into*. 

1. A dominant white form, varying from K to S and only mildly patho¬ 
genic. 

2. A subordinate S yellow form, the 'GypicaP' virulent form. 

3. An S pink form.'^ 

On all solid media, including those in the tube series (Fig. 2, A and C), 
inoculated either before or after leaching, the ±. K white variant appeared 

5 This is believed to be the pink form encountered from time to time, usually as a 
minority group, in plate.s from bean plants inoculated with the two associated infective 
agents. If so, it is nonpatliogenie. In the dissociated cultures under discussion, it always 
appeared in conjunction with either the yellow or white forms. 
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first and was very much to the fore. Relatively little of the virulent S 
yellow type developed in transfers made either before or after leachinj;^ but 
its best development w^as on Quirk’s medium IV, inoculated before leaching:. 
There w^as only a trace of it in the tube transfers, namely on medium I, 
potato-dextrose ag:ar, and Tliaxter’s ajrar made before leaching’, and only 
on the two last mentioned made after leaching’. 

No 8 pink form appeared in transfers made prior to leaching- Avitli the 
hot dextrose solution. After leaching, this form reached its greatest devel¬ 
opment in transfers to flasks of Quirk’s media, il and Ill. In the tube series 
it appeared in small quantities on Quirk’s iriedium I, potato-dextrose agar, 
and Thaxter’s agar. 

All three color types shoAved up most strikingly on Quirk’s medium 11 
inoculated after leaching. The first to appear (in 18 hours) was an 8 
chalk-white growth which gradually changed to R8 and spread over the 
surface, the only type visible during the first 5 days. The 7tli day this 
white layer w’as dotted with numerous small, raised 8 yellow' and 8 pink 
colonies. 

During the 34 serial passages covering a 2-years’ association with the 
virus in vivo, some factor or factors had encouraged the development of the 
less infectious I:v“8 oi)aque-AVhite and the non pathogenic 8 pink variants at 
the expense of the virulent 8 yellow type commonly recognized as Xantho- 
monads pliaseoli. This ‘‘typical” virulent form was assuming a subordinate 
role and having difficulty in asserting itself. 

“Plaques,ap|)eared in all beef-infusion agars inoculated before and 
after leaching, on potato-dextrose agar before leaching, and on Quirk’s 
medium I after leaching. 

Second lineal transfers from the aged plate of 7^(4/ f Transfoi«s 

were made to potato-dextrose agar, Thaxter’s potato-dextrose agar, and i)H 
7,0 beef-infusion agar from each of tlie flasks of Quirk’s media II, 111, and 
IV, when the latter were 13 days old. 

The PyiVl I P)"** strain of Xanfhomonas phaseoh still dissociated in these 
second lineal transfers from the aged plates. 

The mildly pathogenic R-8 white Aariant Avas the first to appear in all 
cultures of the nonleaehed series. The Avhitc form likewise developed first 
in the leaelied series Avith but tAVo exceptions (on potato-dextrose and on 
Thaxter’s agars, in transfers from Quirk’s medium III) Avliere only the 
“typical” 8 yelloAv form and a trace of 8 pink appeared. The R -S wdiite 
variant was the only typo to appear on potato-dextrose agar from Quirk’s 
medium III in the nonleaelied series or on pll 7.0 agar from any source. 

The virulent 8 yelloAv form, nevertheless, Avas beginning, in tliese second 
li]ieal transfers, to recover from the subordination so marked in the initial 
cuitures made from the aged plate (Fig, 1, Series B and C). It Avas regain¬ 
ing its normal dominance to a greater extent in the leached than in the 
nonleaehed series. 

« Small clear areas'resembling the plaques (bare spots) described bv d’Herellc (7 
p. 12, 20, and 95) as due to tlie lytic action of bacteriox)hage. ' ^ 
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The S pink form was present in the leached set only. It appeared in 
cultures on potato-dextrose agar and on Thaxter’s agar from all sources. 

All three types appeared together in the potato-dextrose and the Thax- 
ter’s agars from Quirk’s media II and IV in the leached series. 

ormaV* strain, Tranfers from the aged plate before and after leach- 
ing (Fig. 1, Series B and C, respectively). The ‘‘normal” Xanihomanas 
phaseoli was much less readily dissociated than was P(M + P)^^ The pre¬ 
liminary dz R white growth of the R—S white variant, so prominent in 
P(M + P)^^, appeared only in transfers made after leaching with the hot 
0.5 per cent dextrose solutions though as the culture grew older some S white 
appeared on medium IV in the nonleached set. The R-S white form was 
conspicuous only in the flask cultures of Quirk’s media II, III, and IV on 
wliicli the dissociation phenomena are far better demonstrated than in the 
media most commonly used for bacterial plant pathogens. On Quirk’s 
media II, III, and IV in the leached series there was an S white growth in 
18 Ijours which was, however, quickly overrun by the “typical” virulent 
S ytdlow type so that in 5 days but little of the white growth was visible in 
any of the flasks. Ultimately it was covered complete]}^ It was noted that 
tile R-“S white variant in this leached set of “normal” X. phaseoli, though 
overrun so quickly by the S yellow' type, was apparently less subjugated by 
the latter on medium II than on media III or IV, as was shown by second 
lineal transfers. 

In the tube cultures transferred either before or after leaching from the 
aged plates of Quirk’s medium I, viz., to medium I, ])otato-dextrose agar, 
Thaxter’s potato-dextrose agar, pH 6.0, pH 7.0, and pH 8.0 beef-infusion 
agars, there was a. striking contrast between the S yellow growth of this 
“normal ” Xanlhomovas phaseoli* and the zb R white growdh of P(M f P)'^* 
(Fig. 2). Another notable difference between the two strains on these com¬ 
monly used media was tin' much greater inhibiting effect of leaching on the 
“normal” X, phaseoli. 

The S pink form a]q)eared in “normal” Xanlhomonas phaseoli only 
after filtering, a further contrast to P(M f P)•*^ This was also true of sec¬ 
ond lineal transfers, 

“Plaques” appeared less frequently than in P(M i P)^'* and then only 
after leaching, viz., on jiH 6.0 and pH 7.0 beef-infusion agars. 

Second Idncal tramsfers from the aged plate of normal' Xanthomorms 
phaseoli. Transfers WTre made from each of the flasks of Quirk’s media 
II, III, and IV (when 18 days old) to potato-dextrose agar, Thaxter’s 
potato-dextrose agar, and pH 7.0 beef-infusion agar. 

Unlike P(M i P)'‘^ the “normal” Xanthomonas phaseoli, with a few 
outstanding exceptions, dissociated but little in these second lineal trans¬ 
fers from the aged plate. The R—S wdiite variant failed to appear in the 
majority of transfers (both nonleached and leached sets) and occurred onlv 
as a trace in a few^ others. The few outstanding exceptions to this minor 

- There was some slight out-eropping of white on most solids at one time or another 
ill the tube set of normal “ X. phaseoli made after leaching. 
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Fig. 2. Fl(*veii-<lny-oId tranafers from aged i)latea of Qiiirl< ’a inediiini I before and 
after Jeaeliing, ahowing difference between P(M + P)-« (X. phaseoli aasociated continu- 
oualy in vivo for 2 years with bean virus 1) and ‘‘normal^^ X. phafieoli. 

Media, l:ft to ruflit: Quirk’s I agar, potato-dextrose agar, Thaxter's potato-dextrose 
agar, pH 6.0, pH 7.0, pH 8.0 beef-infusion agar. A, F(M + P)^“ cultured before leach¬ 
ing showing good ± K white growth; trace of S yellow type form in some. B. ‘*NorinaP’ 
strain cultured before leaching; good ''typical” S yellow groAvth characteiistic of the 
virulent type form of X. phaseoli. C. P(M-tP)-*‘ cultured after leaching; inhibition on 
potato-dextrose agar; good ±E wiiite growth on all otliers, trace of S velhnv and S pink 
forms. B. "Normal” strain cultured after leaching; marked inhibition of S yellow 
growth; trace of whitish growth in some. 
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role of the mildly pathogenic K^S white form were on pH 7.0 beef-infusion 
agar from medium IJ in the nonieached set and the transfers to all three 
media from medium II in the leached set. In all four of these cultures, 
the llr-S white form was dominant and, furthermore, it was the only 
one to appear in two of them. The dominance of the Rr-S white form 
in all three transfers from medium II leached was all the more noteworthy 
because at the time these transfers were made, the preliminary ±: R white 
growth in the parent flask culture had been completely overrun by the 
virulent S yellow t 3 ^pe-f(>rm. 

The virulent S yellow form was dominant in all other second lineal 
transfers, occurring in seemingly pure culture in the majority and growing 
as hitherto considered characteristic'^ of Xanihomonm phaseoU. There was 
jio trace of the S pink variant. 

II. Behavior of Chech Transfers ft'ont Young Cultures 

At the same time that transfers of the two isolates, P(M fP)*‘'* and 
‘‘normal'’ Xanlhoinonas phaseoVK were made from aged plates of medium 
I to flasks of Quirk’s media II, Ill, and IV and to the tube setup of Quirk’s 
medium 1 and tlie media most commonh' used for bactcn-ial plant pathogens, 
a parallel set of media was inoculated from 3"oung (3-day-old) steamed- 
l)otato cultures (Fig. 1, Series A). Both tlie undiluted bacterial growth 
and a suspension in |)H 7.0 beef-infvision broth >vere used as inoculum. 
There Avas no leaching. 

Both P(M -i P)-^^ and “normal” Xanthemionas phaseoU from young 
cultures iiroduced, in 18 liours, the good S yellow growth characteristic of 
the virulent torm of this organism. There was no trace of the preliminary 
(dialk-white growth varA ing from R to B which Avas dominant in all 
P(M I P) transf(U*s from aged plates of Quirk’s medium 1 and which, in 
the case (d‘ “normal” X. phaseoU, was visible for a sliort time onl.y in flask 
transfei's made to Quirk’s media 11, III, and IV from the aged jilates after 
leaching. 

As the transfers from young parent cultures grcAV older, some traces 
of a white form appeared in some of them as Avhitish streaks or natches, and 
on medium lA" an infiitrating Avhite form appeared. This Avas true of both 
“normal” Xauthonunots jthaseoli and P(M + P)^^. No 8 pink form ap¬ 
peared in either strain. 

In short, Avhen young cultures Avere used as inoculum lor a comparison 
of the two strains, the inlierent ditferences betAveeii them Avere not evident 
on either the media most commonly used J‘or bacterial plant pathogens or 
on Quirk’s media I to IV. 

III. Filtrates of Dissociated Cultures 

Very much less difference between the strains P(M f P)"-* and “normal” 
Xanthomonas phmeoli Avith regard to dissociation was apparent in cultures 

8 Copious syrupy B yellow growth on media rich in carbohydrates. 
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from the filtrates (Fi<?. 1, Series D) than was found between them w^hen 
cultured after aging and leaching, but prior to filtering. In each strain a 
white or colorless form varying from 11 to S and, for the most part, but 
mildly infectious came through the filter. In some cases there was also an 
S yellow' form. 

In the second or third lineal transfers from the filter tubes (both strains), 
the S pink variant not infrequently put in an appearance. The pink form 
occurred in the for in of superimposed colonies or as streaks or sectors in 
the wdiite or greenish yellow^ S growth. The S pink variant was much more 
conspicuous in the P(M P)^^ strain than |n the ‘‘normaP^ strain. 

Of special interest are the facts that: 

1. The filtrate of neither strain x>roduced growth in more than one of 
the commonh’ used culture media in the tube setup made directly from the 
filter tubes as soon as jiossiblc after filtering (Pig. 1, Series D). There was 
growth in pH 7.0 beef-infusion broth wdth P(M + P)'*'^ and in pH 6.0 broth 
wdth ^‘normar’ Xanihomona^^ phaseoli. On the other hand each strain pro¬ 
duced growth of some kind on Quirkmedia IT, HI, and IV in the flask 
setup of the same date. 

2. The barely visible, finely roughened, film-like growdh occurring on 
Quirk’s medium II with P(M + P)^'‘ and on Quirk’s media II and III with 
the ‘‘normar’ strain was wholly unlike anything previously encountered 
with Xanikomonas phasroli. Smears from the films on medium II (both 
strains) showed the jiresencc of rods and cocci. Filaments also w’ere ])res- 
eiit in the ‘^normal” strain smears, some very long and branched, some 
segmented and breaking up. Such pleomorphism is characteristic of T\ 
forms in general and has been reported for many animal pathogens. Trans¬ 
fers from the P(M P)'^'^ film produced clouding in pH 7.0 beef-infusion 
broth and an S greenish yellow' growth with white margin on pH 7.0 beef- 
infusion agar. A pll 7,0 agar subculture of the last mentioned had striking 
S pink sectors in the S greenish yellow' nailhead. No visible growTh ap- 
Iieared in transfers from the P(M i P)-^^ film to potato-dextrose agar or 
Thaxter’s potato-dextrose agar. 

Transfers from the ''normar’ strain film on Quirk’s medium II pro¬ 
duced an R colorless film on pH 8.0 beef-infusion agar but no visible grow^th 
on any other of: the media most commonly used for phytopathogenic bacteria. 

The film produced by the normal” strain on Quirk’s medium III was 
similar in appearance to those above mentioned but was interspersed with 
clear areas and consisted, at the time of examination, of sjiherical bodies 
(w^hich may have been filaments broken up). It resembled ice thawing 
and breaking up on a lake. Transfers from this to a set of the most com¬ 
monly used culture media produced an KS chalk-white growth on pII 6.0 
beef-infusion agar, an R colorless film on pH 8.0 agar, and a scant growth 
o;f S colorless colonies on Quirk’s medium I. There w^as no visible growdh 
on other media. 

3. The filtrate pf the ‘‘normal” strain did not revert to the “typical” 
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S yellow form in vitro through aging in pH 6.0, pH 7.0, or pH 8.0 beef- 
infusion broths. The term ‘‘reversion’’ is used in this paper in the sense 
of a return to the type-form of Xanihomona^ phaseoli. This might result 
(a) if individual cells in the “atypical” growth gave rise to progeny con¬ 
taining both “atypical” and “typical” forms of Xanfhomonas phasedi and 
the latter subsequently gained predominance or (b) because of the develop¬ 
ment of the “typical” form already present but masked in the “atypical” 
growth or from a combination of (a) and (b). 

The transfers to the pH 6.0, i)H 7.0, and i)H 8.0 beef-infusion broths 
for aging w^ere made on April 25 from the March 11 culture on medium IV 
wlien it was OJ weeks old (see Fig. 6). At intervals up to the 76th day, 
transfers to a tube setup were made from these broth cultures with the fol- 
loAviiig results: 

Not even a trace of a yellow form came up in any transfer from the 
filamentous form of the K-S white variant in the pH 6.0 broth. Greenish 
A ellow growdh appeared in early transfers from pH 7.0 and 8.0 broths but 
by the 76th day the B-S wdiite variant was dominant in subcultures of each. 
There was a trace of the S pink form in some transfers from each of the 
tliree broths. In other words there was at no time, in any of the subcultures 
of tliese broth transfers taken from the aged March 11 flask culture on 
medium TV, any growth resembling that of the “typical” virulent S yellow 
form of Xanikomonas phmeoli. 

On the other hand, in 10 days there w’as reversion in vivo of the R-S 
white variant from the “normal” strain filtrate to “typical” S yellow 
Xanihonionas phaseoli. The inoculum was from a pH 7.0 beef-infusion 
agar transfer from the same March 11 fla.sk culture on medium IV, but made 
when tlie latter was but 12 days old (Fig. 6, Inoc. 3). 

4. After 10 days’ incubation of the filtrate in the 0.5 per cent dextrose 
solution in the filter tubes,’^ transfers to Tliaxter’s agar from both strains 
gave the characteristic S yellow^ gnnvth of “typical” Xanfhomonas phaseoli. 
In the P(M - P) “ strain there w^ere wliite patches of the R-S wdiite variant 
as w^ell. 

BEAN PLANT INOCULATIONS 

I. Dissociated Cultures Used as Inoculum Prior to Filtering 

A. Flask cultures on Quirkls medium lY as inoculum. 

Two-wTck-old cultures on Quirk’s medium IV made from the aged plates 
of Quirk’s medium I before and after leaching w*ere used as inoculum on 
Stringless Green Refugee bean seedlings. 

Results with the ^^normeW strain {Fig. 4, March 24 inoculations 1 and 
IT). The ^^normaVYYanthoynonas phaseoli, both before and after leaching, 
was extremely virulent, markedly more so than was P(M + It worked 

more rapidly and eaused a much more severe tyi)e of bacterial infection. 
The difference wns particularly marked in the secondary infeclion on the 

» After the initial transfers, the tubes of filtrate had been kept under observaiion. 
Ill 10 days the ^^norinaU ' filtrate was still clear, that of P(M’f clouded. 
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steins where, with the ‘^normal” strain* tliere was iimeh external diseolora» 
tion in 28 out of 29 (96-J per eent) of the plants inoenlated March 24; and 
22 of them had bacterial ooze. The pathooenicity of the ‘^iiorniaP^ strain 
was little affected by the leaching, probably because the less virulent R-S 
white variant which came up in the young; cultures was so quickly overrun 



Pig. 3. Inociii.ntioTis of beau plants with dissoeiated P(M4-P)^^ before and after 
leachiiifif, sbowing aiieestry and color of cultures used as inoculuni. Plus signs are quali¬ 
tative rather than cpiantitativc symbols of bacterial inf(‘ction. 

Ahhrtviations: Media: I—IV, Quirk’s potato nn‘dia; PD, potato-dextrose agar; Th, 
Thaxter’s potato-dextrose agar; 7.(1, pH 7.0 beef infusion agar. Color of growth: 1\ 
pink; W, white; Y, yellow; w, trace white; y, trace yellow; gW, greenish-white; gY, 
greenish-ye^ow^ 

This g:reatcr virulence of the ‘‘normaP’ strain was to be expected since 
the disssociation of the two strains had shown that the “normal” contained 
a much greater concentration of the highly virulent S yellow form than did 
P(M f P)-'*'*. No seed infection was observed in the checks. 

Results with P{M +P)=“ (Fi{i. 3, March 24 inwulations a and B). Cul¬ 
tures of P(M + P)’* on Quirk’s medium IV produced, like those of the nor- 
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Dial stiain, 100 per cent bacterial inicction, both before and after leaching, 
but though this was good to excellent on the inoculated primary leaves, ^0 
secondary inlection on the steins was very mild. There was also evident in 
this strain, a marked lessening of the invasion of stem tissues in the plants 
inoculated with cultures in the leached series. This was not surprising 
inasmuch as a study of the dissociated cultures had shown that the leaching 



had further favored the ’\veakly-])atliojreiiie or aviruleut variants, K-S white 
and S pink, seemingly ali’eady eneonraged by the 2 years' asso(*iation with 
the virus in vivo. The iiiaj(jrity of the plants inoevdated with P(M i P)'^^ 
before leaching sliowed slight but distinct stem discoloration and some in¬ 
ternal browning. On the contrary, of those inoculated with leached 
P(M ! P)^^ 14 out of 22 (64 per cent) showed no external or internal sign 
of stem inf(‘etion though microvseopic examination revealed the presence of 
bacteria in the stem tissues of 21 of the 22. Bacterial ooze was present in 
but 4 of the 23 plants inoculated March 24, 2 out of 11 in the nonleached 
series, and 2 out of 22 in the leached series. No seed infection was observed 
in the checks. 
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B. Subcultures from initial flask cultures as inoculum {Second lineal trans¬ 
fers from aged plates of strain P{M f P) and ** norrnaV^ strain). 

No direct inoculations were made from flask (iultures on Quirk’s media 
11 and 111 from the aj^ed plates of the two strains before and after leaching, 
but 15 selections from 12-day-old transfers from said flask cultures (when 
two weeks old) to potato-dextrose, Thaxter’s potato-dextrose, and pH 7.0 
beef-infusion agar (Figs. 3 and 4, March 23 cultures) were tested for 
pathogenicity on 2-week-old Stringless Green Hefugee bean seedlings. 

On the same date, 12-day-old transfers from flask cultures on medium 
IV from the aged plates (both strains; leeched series) were tested on bean 
plants for comparison with the March 24^ inoculations with the parent cul¬ 
tures on medium IV .sc recorded above (Section A). 

Results of inoculation {both strains. Figs. 3 and 4, April 4 inoculations). 
The difference in results obtained with the two strains was on the whole 
much less marked in these inoculations with the second lineal transt’ers than 
in those described in Section A made with the initial flask cultures on 
medium IV transferred directly from the aged plates (Figs. 3 and 4, JMarch 
24 inoculations). All the second lineal transfers from the aged plates of 
each strain produced bacterial infection, although in some sets there was 
no external sign of primary infection on the rubbed leaves or of secondary 
infection on the stems (both strains); the i>lants in such cases were believed 
to be healthy until microscopic examination revealed the presence of bac¬ 
teria in the stems. Such masked infection occurred in 4 sets of inoculations 
with the '^normal” strain (Fig. 4, April 4 inoculations 5, VI-VIII) and 
in 2 of the P(M i P) ‘* sets (Fig. 3, April 4 inoculations e and J). It 
ranged from 16f to 60 per cent of the plants inoculated with “normal’' and 
from 35 to 66rl per cent with P(M + (The plus signs in figures 3 and 4 

are qualitative rather than quantitative symbols.) 

Though the 18 transfers were patliogenic in varying degrees (both 
strains) none was sufficiently virulent to cause severe leaf infection, prema¬ 
ture killing of j>rimary leaves, or girdling, splitting, or breaking of the 
stems. Where the I?r-8 white variant was dominant in either strain (more 
often than not on pH 7.0 beef-infusion agar), there was mild or poor, usually 
masked, infection. Sometimes the signs of disease were confined to barely 
perceptible discoloration of a single vessel in the stein. There was always 
more or less good infection with either strain wherever there was a fair 
amount of the S yellow form in the culture used as inoculum. 

There w^is no obvious effect of the S pink form on the virulence of the 
S yellow form. 

The subcultures from Quirk’s medium IV leached (both strains) were 
much less virulent (Figs. 3 and 4, April 4 inoculations K, L, and X) than 
had been those from the parent flasks per se (Figs. 3 and 4, March 24 inocu¬ 
lations B, II). This decrease in virulence in the second lineal transfers 
was more pronounced with P(M-^-P)•'*^ The subcultures from medium IV 
leached (both strains) had been made the day preceding the use of the 
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2"\veek-old parent flasks as inociihun on March 24, and were themselves 
used for inoculation at aiiproximately the same at?e. 

No evidence of seed-borne infection (bacterial or virus) was observed 
in the large number of noninoeulated cheeks nor did microscopic examina¬ 
tion of these healthy appeaiving plants reveal the presence of bacteria. 

II. Filtrates of Dissociated Cultures Used as Inoculwm 

With the filtrate of each strain grown on various media, bacterial infec¬ 
tion, mild for the most part, was produced on Stringless Green Refugee bean 
seedlings (Figs, 5 and 6). No culture was wliolly avirulcnt. 

With a single exception, no visible leaf infection w\as produced with the 
filtrate of either strain of the organism Avhen tlie inoculum consisted of (a) 
any of the initial transfers ot iMarch 11, (b) subcultures of the same, or 
(c) the contents of the filler tube per se after 10 days’ incubation. 

In the exceptional case cited (Fig. 6, A])ril 4 inoculation 3 with pH 7.0 
beef-infusion agar subculture of the “normar’ strain on medium TV) the 
R--S white variant produced inconspicuous water-soaking on the rubbed 
primary leaves and mild stem infection in 40 jier cent of the plants. Isola¬ 
tion plates from tlic watersoaked s])ots on one of the rubbed leaves 10 days 
after inoculation, sliowed that the R-S white variant had, for tlie most part 
I’cverted in the host to “typical'’ 8 yellow Xanihomonas phaseoli. There 
were iununnuable 8 ycdlow (‘oluuics and but 4 colonies of the R-8 white 
form. At the time it was used for inoculum, the R-S white variant had 
been making a 8 growth and the 4 colonies mentioned were 8 Avhite. 

Stem infection was produced by all the nitrate cultures although in some 
eases (both strains) there were little or no external signs of this. How¬ 
ever, microscopical examination revealed bacteria in 9 to 100 per cent of 
tliese seemingly healthy plants. (Plus signs in figures 5 and 6 are qualita¬ 
tive rather than quantitative symbols.) 

The only severe infection on both leaves and stems (Figs. 5 and 6, May 
16, inoculations g and 9) was produced by potato cultures (both strains) 
descended via Thaxter’s p()tato-dextr()se agar, from the bacterial suspension 
in the filter tubes^*^ incubated 10 days, during which time the “typical” 
virulent 8 yellow form of Xanihomonas phaseoli had developed. There 
Avas 100 per cent excellent infection on tlie rubbed primary leaves, Avith 
girdling, splitting, and breaking over of the stems accompanied by extrusion 
of bacterial slime. It is interesting to note by Avay of contrast that inocula- 
lions made directly from the bacterial suspension in the 10-day-old filter 
tube (both strains) had produced no Ausible infection on the leaves and only 
mild symptoms on the stems although 100 per cent of the plants inoculated 
Avith P(M ; P)"‘ (filter tube clouded) and 40 per cent of these inoculated 
Avith “normal” X. phaseoli (filter tube still clear) Avere infected (Figs. 5 
and 6, March 20 inoculations a and 1). 

Plates poured from one of the severely infected stems from the 

The identical Rlter tubes Iiad been used for the initial transfers. 



604 


Phytopathology 


[VoL. 36 


Mar 

to 

(ftiyM) 

L 

•-Pk 

i 

Mar 

II 

A A. 1 


Mar 

20 


// 


. 

tPhat. 

f>» * 

O, 

Wg 

V. 

r w 

) PD b 





Mat 

24 



T. 

-f 




Mar 

29 









P c 

c 

•f 

P 

a 

-f 




Apr 

25 



\t 

Phos 

'^Potato 

rv, 


j 

1 


May 

8 


H 

'f 


May 

12 



r .• ^ ' 



H 


r 

~(9u$/y) ”f4“‘ 

i 

0 

9 

b4- 


Fig. 5. Inoculations of bean plants with filtrates of leached plate culture of 
P(M + P)»* aged on Quirk's medium I, showing ancestry and color of cultures used as 
inoculum. Plus signs are qualitative rather than quantitative symbols of bacterial 
infection. 

Ahhreviations: Media: III and JV, Quirk's potato media; PD, potato-dextrose agar; 
Th, Thaxter's potato-dextrose agar; 6.0, 7.0, 8.0, pTI 6.0, pH 7.0, pH 8.0 beef-infusion 
agars or broths; Busp., sterile-distilled-water suspension of bacteria. Growth: Cld., 
clouded; fib, filaments; W, white; Y, yellow; pW, pinkish white; gY, greenish yellow; 
V, trace yellow. 
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P(M + P)®^ inoculation set contained both ^^typieaP^ Xanthomonds 
phaseoli and the mildly pathogenic yellow variant of X. phaseoli described 
by the writer in an earlier paper (5, p. 665 and footnote 12). The variant 
was much in the majority. 

Mosaic was produced in 100 per cent of the plants inoculated with non- 
diluted bacterial growth from the aged (2 months) initial flask culture on 
Quirk’s medium IV of the filtrate of P(M + P)‘^^ (FilSf. 5, May 16 inocula¬ 
tion e). There were no macroscopic signs of bacterial infection. Unfor¬ 
tunately only 6 i)lants were included in this set. The 11 plants inoculated 
at the same time with a suspension of bacteria fibin tlie same flask culture 
showed no symptoms of either mosaic or bacterial infection but microscopi¬ 
cal examination revealed masked bacterial infection in 36i per cent of them. 

In the comparable inoculation of 15 plants with the “normal” strain 
filtrate (Fig. 6, May 16 inoculation 7) there was 100 per cent severe bac¬ 
terial infection causing breaking over and killing ol' stems but no visible 
leaf lesions. Among the 11 plants inoculated with the bacterial suspension, 
4 showed mosaic symptoms. 

In the large number of noninoculated check plants no sign of seed-borne 
infection, bacterial or virus, was observed nor were masked bacteria revealed 
by microscopical t'xamination of these healtliy-appearing plants. 

DISCUSSION 

The P(M 4 P)^^^ culture used for the dissociation studies originated from 
a single colony of Xaniliomonas phoMoli. It was transferred from an isola¬ 
tion plate containing but 5 colonies and these well distributed. The ‘‘nor¬ 
mal” strain likewise originated from a s^lgle colony in a thinly-sown plate. 
The colonies of the 2 strains w’cre indistinguishable in appearance as were 
also the young cultures on steamed potato cylincbu’s used as source inoculum 
for the dissociation experiments. 

The conditions prevailing in the much stunted bean plants of the 34tli 
serial passage of the 2 infective agents from which P(M r P)^'* wns isolated 
w^ere such as those described by Piker (12) as being particidarly conducive 
to variation in bacterial plant path<»gens, namely tliose ”])reventing rapid 
vegetative growth. ’ ’ 

That variants existed in the serial passages had previously been shown 
by isolation plates as reported in an earlier paper (5). It was presumable, 
therefore, that the bacterial iiopulation in these dwarfed plants of the 34th. 
serial passage of the associated infective agents w'as a complex of variants 
of Xanthomonas phaseoli and that, furthermore, these might be masked in 
colonies outwardly indistinguisliable from those of “normal” X. phaseoli. 

The object of these studies w^as to determine whether a colony transfer 
of P(M -f P)^* when subjected to a dissociation technique would differ from 
one of “normal” Xariihoinoms phaseoli in a way which might explain the 
subsequent decrease in pathogenicity of the bacterial pathogen in the serial 
passages. 
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What variation the progeny of single cells may undergo is another prob¬ 
lem and one which it is hoped will be undertaken by other investigators. 
No generalization regarding the variation of Xanthomonas phaseoli could 
have been made, however, from single-cell studies of P(M + P)^^, as it is well 
known that strains of bacteria vary greatly in their ability to dissociate and 
there is great need for the study of many strains before it will be possible 
to determine the norm for a given organism in regard to variation. Fur¬ 
thermore the progeny of different single cells may differ one from another. 
Hence the study of the progeny of many single cells from each of the many 
strains would be necessary to comidete the picture. 

It is interesting to note in this connection that a number of investigators 
have shown that single cells may produce unlike progeny. For example, 
l^>eiigsten (1), working with organisms connected with botulism, demon¬ 
strated that the progeii}^ ot* a toxic single-cell culture of type C (the Saun¬ 
ders' strain isolated from fly larvae) contained both toxic and nontoxic 
individuals. The progeny of nontoxie single cells, on the other hand, never 
gave rise to toxin-producing cultures. Quirk (10) found that by pH con¬ 
trol she could produce pure i)late-cultures of virulent S or avirulent R 
forms of Bacillus phyiaplithorns from single-cell isolates of either type. 
Mc.Vew (8), working with the progeny of a single cell of Bacterium stewarti 
E. F. Sin. isolated by the Riker ct al. hanging-droj) method, found that 
weakly virulent strains developed from highly virulent cells in nutrient- 
dextrose broth at 25-2T' C. and gradually replaced the parent type. He 
states that cultures containing wi^akly virulent cells Avere not appreciably 
attenuated unless the proportion of highly virulent parental strains fell 
below 21 per cent. 

Hectors indicating a sudden change from the parent culture, have been 
observed in single-cell cultures by various Avorkers. For example, Nirula 
(9), Avorking Avith an uuidentitied organksm, found in several single-cell cul¬ 
tures wedge-sha})ed seeto]\s fj'om Avhicdi he Avas able to separate strains mark¬ 
edly different from the parent evdtures. These a ariations remained constant 
and reversion (-onId not be induced by special metliods of culture. More re¬ 
cently Elliott and Robert (^5) found sectoring in nearly all of the colonie^s 
in potato-dextrose-agar plates poured from one of the progeny of a weakly 
virulent single-cell culture of Bacterium stewarti. In this case the varia¬ 
tion appeared to be for color only. 

The filtration of P(M i P)*^‘* “normal" Xanthomonas phaseoli cov¬ 

ered a longer period than is customary in filtration studies. This step (Fig. 
1, Series D) Avas not reached till late afternoon and as filtration Avas carried 
on by gravity rather than by suction, in order to avoid the possibility of 
pulling the bacteria througli the filter, insufficient filtrate had been obtained 
by nightfall to make tlie necessary number of transfers. Hence, the filtra¬ 
tion setup was put into a refrigerator held at 10° to 12° C. and the transfers 
were made early the next iiiorning. At this temperature Xanthomonas 
phaseoli could not have groAvn through the filter overnight. 
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White variant. The white variant of Xanthomonas phaseoli, varying’ 
from R to S, is the one that, in the writer’s experience, has been the most 
commonly encountered both in vitro and in vivo. The same cuiture may 
be R or S or R8 at different stages of its development. It has shown marked 
pleomorphism in certain pliases of the variation process, as is commonly 
reported for R forms in general. It has been most markedly brought to the 
fore, particularly in P(M i by Quirk’s dissociation technique with her 

media I to IV, but has now and then been observed as a secondary growth in 
old steamed-potato cultures of a number of strains of X. phamoU in addition 
to those discussed in this j)aper. Colonies of^/he R~8 white variant have 
aj)i)eared from time to time in years i)ast in pll 7.0 beef-infusion-agar plates, 
from plants naturally infected with X. phaaeoli. These colonies occurred 
much less frequently and in smaller numbers in plates poured from such 
plants, however, than in those from plants inoculated in the writer’s asso¬ 
ciation studies of X. phaseoli and bean virus 1 i>reviously described (5). 
In the latter studies, colonies spectacularly dissociating into white and 
yellow forms also were isolated at times from serial passages of bean juice 
containing the two infective agents (5, Pig. 2). 

The ability of the R-8 white variant to revei’t in part’* to the “typical” 
S yellow Xanth(mionas phaseoU in vivo, as not(Ml in jjatliogenicity tests of 
the filtrates of the dissociated “normal” strain, was corroborated in ]at(‘i' 
unpublished studi(*s of another strain, “Wyoming 1940.” both with cultures 
dissociated by Quirk’s technique and with ])otato cultures from a series .in 
which the R-S white vaiviant had arisen spontajieonsly and superseded the 
S yellow one. The recurrence in the writer’s (M i P) serial passages (5) of 
bacterial symptoms on the inoculated primary jea\’es after an absence for 10 
such passages is believed to be due to such rev(*rsion of the R~S white 
variant. 

Reversion also takes plav.e in vitro, though less readily in tlie writer’s 
experience. An occasional 8 opaque-white colony of tlie R-S white variant 
produced “typical” 8 y(41ow growth on steamed potato and excellent S 
white growth on pll 7.0 beef-infusion-agar ju transfers made on the same 
date. 1 n such cases the medium ai)pears to exercise a selective action on the 
types occurring in the colony. 

Though the R-8 white variant is usually but mildly patliogenic, the 
writer on one occasion encountered in this form of the “ Wyoming 1940” 
strain a phase in the early stage of its transition from the 8 yellow t\q)e- 
form when it was extremely virulent and did not revert to 8 yellow in the 
host. At the opposite end of the pathogeni(jity scale of this white variant 
of Xanthomonas phaseoU, Wyoming-1940 strain, was a phase Avhich has been 
completely avi^ulent in the writer’s studies. It forms ± R colonies of the 
medusa-head type consisting of filaments (unpublished work). The writer 
(S') has isolated similar colonies from the serial passages of (M -i-P). 

There were always, iii addition to the ‘Hypicaf 8 yellow colonics, some of the 
n- 8 white variant pvesent in the isolation plates from plants wherein reversion had 
.oecurred. 
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Unlike the starch-loving*’" S yellow type-form, the K-S Avhite variant is 
very erratic in its reaction to steamed potato cylinders as a medium and 
frequently fails to grow at all thereon. 

The studies described in this paper show that variants, both weakly 
pathogenic K-S white and non pathogenic S pink, were very much more 
readily dissociated from the parent colony in the case of strain + 
than in that of the ^^normaP’ strain of Xanthomonas phaseoli used for com¬ 
parison. In the dissociated cultures of P(M f P)*’^ the mildly pathogenic 
Itr-S white variant was dominant. In the dissociated cultures of the ^^nor- 
maP’ strain on the oth(*r hand, the dominance of the ‘‘typicaP’ virulent 8 
yellow form was very marked. Was this dominance of the weakly patho¬ 
genic li-S white form in P(M i P)'^^ due to the direct action of the virus 
u})on the bacterium during tlieir association in vivo or to its indirect influ- 
eii(*e through the stunting and physiological changes it caused in the host, 
conditions conducive to the })roduction of variation in bacterial plant patho¬ 
gens; to tlie mere presence of the virus and its competition for nutrient sub¬ 
stances; in part to continuous plant i)as.sage per seX or to a combination of 
factors? 

Until we know more about the mechanism which gives rise to the results 
observed in bacterial or bacteria-and-virus associations, and understand 
more clearly the fundumental biological nature of the phenomenon of vari¬ 
ation in tJie bacterial c(»ll per se, we can do little more than speculate as to 
tli(‘ answer. Too many unknown factors are involved. 

Studies by Hedges and Fisher (6) relative to the effect of nuti-ient solu¬ 
tions containing varying amounts of nitrogen on the pathogenicity of the 
bacterium and the virus iv vivo, either alone or associated in serial passages, 
sliowed that undei’ the conditi(ms (»f those experiments, the amount of N 
oi)timum for j)lant grov th was optimum for both infective agents. 

Tlie demonstration of mildly pathogenic and avirulent variants of 
Xanthomonas phaseoli calls attention to the fact that the pathologi.st or 
plant breeder has solved but a part of his problem if he takes into coji- 
sideration only the so-called “normaP' type of this pathogen. Further¬ 
more, tlu^ itdluence of certain culture media in bringing one or another form 
of the parasite* to the fore emphasi/es the importance of the medium as a 
factor which often affects stability of a given type of organism under cul¬ 
tural conditions. 

summary and conclusions 

These dissociation studies of Xanthomonas phaseoli were undertaken for 
the i)urpose of discovering wliether changes had taken place in the bac¬ 
terium during its 2 years ^ association with the virus m vivo (4, 5) whicli 

12 Evidenced by its luxuriant growth on stcMined potato cylinders and its strong 
diastasic action. 

13 Parallel tests of 3 strains of X. phaseoli in serial passages from bean plant to bean 
plant of juices containing the respective isolates, have produced no diminution in severity 
of symptoms of bacterial infection to date, after 16 serial passages covering 61 months 
(unpublished work). 
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might account Tor its decrease in viruleiK'e and failure to maintain con¬ 
tinuously its ^‘typicar’ form in the host tissues. The writer hoped further¬ 
more to determine whether there existed a filterable form of Xanthomomis 
phaseoli which was callable of producing niosaie. 

Quirk’s technique of dissociation was employed involving* the use of her 
special media I to IV (11) and including the media commonly used for 
phytopathogenic bacteria. Check transfers to all media Avere made from 
young cultures. 

Dissociated cultures manifested striking differences between a ‘'normal” 
strain of Xanthomonas phaseoli and strain P|M - P)^'‘, a strain associated 
continuously for 2 years in vivo with the virus of the common bean mosaic. 
P(M f had been isolated from the 34th serial ])as.sage of infected juice 
from bean plant to bean plant, i.e., .shortly before (a) the disa])pearan(*,(' of 
all bacterial symptoms from the inoculated plants, wliich oi'curred in tlie 
36th serial pa.ssage, and (b) the sudden onset of ultra-severe mosai(* in the 
38th serial passage (5). 

The variations proved to be for color as Avell as for pathogenicity and 
R and S. In the dissociated cultures of P(M lO'^S the mildly infections 
Rr-8 opaque-white and nonpathogeiiie S pink variants developed at the 
expense of the “typical” virulent 8 yellow foi*ni. This was best demon¬ 
strated in Quirk’s media II and III. In the dissociated “normal” strain, 
on the other hand, with the exce|)tiou of a trace on m(*dium IV in the 
nonleached set the weakly pathogenic R~8 white variant ai)peared only 
after leaching and was quickly overrun by the 8 yellow form. The 8 pink 
variant appeared in the “normal” strain only after tiltering. The dissocia¬ 
tion phenomenon and the differences l)etAveen the two sti*ains \\(>re far better 
demonstrated on Quirk’s media II, III, and IV than on the media most 
commonly used for phytopathogenie bacteria. 

The initial transfers of the filtrates of the leaclusl, aged, inedium-l ])late 
cultures of each strain (Fig. 1, Series D) produe(‘(l growth on Quirk’s media 
II, III, and IV. Transfers made at the same time to !) media commonly used 
for bacterial plant j)ailiogens resulted in growth in two only, both beef- 
intusion broths, vtz.y pll 6.0 inoculated with “normal’^ A'otdhonioHos 
phaseoli and pH 7.0 with P(M+P)^^^ In all subcultures from the two 
strains iji tlicse respective broths the K-8 white variant was dominant. 

A bai*eiy visible, colorless, finely roughened, film-like growtli was pro- 
duc(‘d on medium 11 Avith the filtrate of each strain, and on medium III 
with that of the “normal” strain. Transfers from such films grew on a 
fcAv media.'* Each strain produced on medium IV an initial S growth of 
the Rr-S Avhite variant followed by the 8 yellow form in the case of the 
“normal” strain or by the 8 greenish yellow form Avith P(M i 
P(M 1 produced a similar growth on medium III. An 8 pink variant 

appeared in second or third lineal transfers from the bacterial suspension 
ni the filter tube in each strain. It occurred in the form of superimposed 
or sectors, and it Avas much more conspicuous in the 

P(M 4 P)®^ strain. 
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Tlie ‘Hypiear' virulent 8 yelloAv form was recovered from the jSltrate of 
eacli strain Avhen transfers to Thaxter\s potato-dextrose agar were made 
from the filter tube after 10 days’ incubation. In the case of P(M + P)"* 
this was aeeoinpanied by patches of 8 growth of the R-8 white variant. 

Inoculations of 8tringless (.ireen Kefugee bean seedlings Avith the dis- 
sociat(Hl cultures of each st]*ain shoAved that none of those tested, including 
filtrates, Avas wholly avirulent. The severity of infection Avas directly pro- 
liortional to the amount of the 8 yellow form in the inoculum. When the 
R-8 Avliit(‘ variant Avas dominant infection Avas jioor or only fair, rarely 
visible on the inoculated leaves, and more often than not revealed only by 
microscopic examination of the stem. The R-8 Avhite variant from the 
“normal” strain filtrate reverted to “typical” 8 yelloAv Xanthomonaa 
phaseoh in the host within 10 days after its use as inoculum. 

Some mosaic appeared in inoculations Avith aged, medium-IV flask cul¬ 
tures of the filtrates of each strain. IloweA'er, although the large number 
of inoculated checks slunved no sign of seed infection, more A\'ork would 
need to be done and with a greater number of plants to prove conclusively 
that a filtrate of Xanthomonas pha^eoH culture Avas capable of producing 
mosaic. 

Tile Avi*iter coiufltides that the dissociation studies explain the decrease 
in virulence of Xantliomonus phascoli during its 2 years’ in vivo association 
with the common bean-mosaic virus by demonstrating the increased develop¬ 
ment of the Aveakly iiatliogenii- H 8 white and nonpathogenic 8 pink variants, 
Avhich resulted in the jiartial subordination of the virulent 8 yellow type- 
form of the bacterivim. 

The Avritor believes that the properties of virulenc(‘, mild Aurulence, and 
avirulence are inluu’ent in all so-called “typical” cultures of Xanthomonm 
pJnhscoli and that tlie dominance of one or another type may be determined 
by a number of findors botli in vitro and in vivo. In tliis connection it seems 
quite iirobable that an asso(‘iat(‘(l infective agent, if present, may play, either 
directly or indirectly, an important role. 

In studies such as those reported in this paper there are, in the opinion 
of the Avriter, a number of problems that reipiire for their solution the col¬ 
laboration of pathologist, bacteriologist, virologist, biochemist, geneticist, 
and physicist. 

Plant Indi stuy Station, 

Beltsvili.e, IVIaryland. 
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ASSOCIATION OF XANTHOMONAS PHASBOLI AND THE 
COMMON BEAN-MOSAIC VIRUS, MARMOR PIIASEOLl. 

III. THE EFFECT OF VARYING AMOUNTS OF 
NITROGEN ON PATHOGENICITY 

1' L 0 li !•: N C E 11 K I) (i E S A N J.) II E K H E R T F I S II E R 1 
(Acc(*pt(‘cl for publication March 30, 1946) 

INTRODUCTION- 

Earlier studies by tlie senior author (2, 3) demonstrated that the virus 
symptoms predominated in S(‘rial passajires from bean plant to bean plant 
of bean juiee eontainino* Xanih<minnas phascoli ( E. F. Sm.) Dowson and the 
A'irus of the eommon bean mosaie, Maniwr phaseoli Holmes. The mosaic 
symploms suddimly assiim(‘d an ultra-severe form in the 38th serial passage, 
after two years^ uninterrupted assoidation of the virus with the bacterium 
in the liost. Bacterial symptoms on tlie other liand varied from none or very 
mild signs of infection to good tyjiieal X. phaseoli lesions. No severe secon¬ 
dary bacterial infection (XMUii-red at any time. 

Very \ indent isolates of Xuntlujinijuas phaseali were obtained from time 
to time liy means of pouriHl jilates fmm the serial passages as well as colonies 
spectacularly dissociating into the 'Myiiical” S yellow form and the mildly 
pathogenic white variant. (3. figure 2.) At tim<*s, notably in plates from 
])lants witli an ultra-severe form of the mosaii*. no “typicar’ X. phaseoli 
appeared. Tliere were, however, aberrant forms wliich the senior author's 
later dissociation studi<‘s (4) of a virulent isolate from the serial passages 
h'd h(‘r to conclude wtu-e vai-iaiits of X. phaseoli. 

That virus infections cause considerable disturbance of the ph^^siological 
processes is well known (17). The common bean mosaic virus is no excep¬ 
tion to this gen(*ral rule. It is not strange, in view of this fact, that Xantho- 
nioiias phaseoli did not find good growing (*onditions in such host plants as 
those described in tlie serial passages (3). 

Various investigators have reported on the efl'ect of nitrogen on both 
virus and bacterial infections, ( .</., Spencer (9, 10, 11, 12, 13), working with 
t()bac(*o-mosaic virus, found a direct correlation between virus activity and 
the amount of nitrogen furnished the plants and none between the growth 
of the host as influenced by tlie idtrogen supply and the increase in virus 
content. In otlier wor<ls, an excess of nitrogen beyond that producing maxi¬ 
mum growth of the host caused maximum susceptibility. 

Woods and Du Buy (16) concluded that sufficiently prolonged idtrogen 
starvation could pre\’ent or retard multiplication of the tobacco-mosaic virus 
by reducing the activity ol' (‘yauide-sensitive respiration on which said multi- 

1 Formerly associate pathologist and junior horticulturist, respectively, Division of 
>h-uit and Vegetable Crops and Diseases, Bureau of Plnnt Industry, Soils, and Agricultural 
Engineering, Agricultural Tfes(‘arch Administration, Plant Industry Station, Beltsville, 
Maryland. 
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plication depends. The work was done with tobacco seedlings grown in sand 
eultiires. 

Considerable work has been done by McNew (6, 7) and McNew and 
Spencer (8, 14) on the effect of; nitrogen on Bacterium stewarti E. P. Sm. 
It was found that the maximum severity of infection with this pathogen 
occurred witli excess iiitrogeii and that there was a tendency for virulent 
strains to be replaced by attenuated ones in seedlings rendered insusceptible 
by nitrogen deficiency. The ability of a strain to use inorganic nitrogen was 
essential to its virulence, weakly virulent strains being ol)ligate users of 
organic nitrogen (7), and there was a stronger teii(|ency for the development 
of virulent strains in nitrogen-fed plants than in those deficient in nitrogen. 

Clayton (1) found that high nitrogen fertilization combined with low 
topping of tobacco plants, a cultural practice in some regions, favored maxi¬ 
mum development of wildfire by increasing susceptibility to w^ater-soaking 
which he found to be a necessary condition for the occurrence of the destruc¬ 
tive ei)ldemic type of wildfire. Experimental field plants with low nitrogen 
fertilization were difficult to water-soak and were r(*sistaut to PseudonKmas 
tahaci (Wolf and Foster) Stapp in both sandy and more fertile soils. 

A comprehensive review of the work of numerous investigators on tlie 
effect of nutrition on the susceptibility of plants to disease has been pub¬ 
lished by Wingard (15), 

The senior author \s earlier work (3) had been carried on witli pot experi¬ 
ments using sterilized composted soil. The present investigations were 
undertaken with the purfiose of studying the effect in sand cultures of vary¬ 
ing amounts of nitrogen on the disease complex and on the activity of the 
two infective agents per se. A preliminary reiiort has been published (5). 


MATERIALS AND METHODS 

Bean seedlings were grown in sterilized, wa.shed (piartz sand and thinned 
to 3 plants per 4-inch pot in experiment I, to 4 plants in experiment IV. 
Later 6-inch pots Avith 4 plants each were used. The pots were supplied 
with saucers. 

The inocula consisted of (a) the crusluHl tops of infected plants from the 
serial passages of bean juice containing tlie bacterium and the virus, (b) 
pure single colony cultures of Xanthomonas phaseoli growing on steamed 
potato cylinders, and (c) crushed infected trifoliate leaves or plant tops 
from serial passages of bean juice containing the mosaic virus. 

The inoculum was rubbed on the under surface of primary leaves wdien 
they were i to f Tull grown, at which time the seedlings were usually about 
10 days old and no trifoliate leaves had unfolded. No carborundum was 
used. 

Feeding of the sand cultures began one or two days after inoculation and 
consisted of the addition of 100 ml. nutrient solution to each pot 6 times 
Aveekly. The plants were watered with tap water as needed. 

The nutrient solutions containing low, medium, and high nitrogen were 
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made up according to the formulae published by Spencer (11, p. 770) in his 
paper on the effect of host ^lutrition on concentrations of tobacco-mosaic 
virus. The solutions contained 9.8 p. p. in., 200 p. p. m., and 2000 p. p. m. 
nitrogen, respectively. 

For comparison, inoculations were made on plants growing in sterilized 
composted soil. 

Noninoculated jdants as checks on seed infection were grown both in 
sterilized sand watered with the nutrient solutions and in sterilized com¬ 
posted soil. They were kept isolated from the inoculated plants. 

The line of Stringless Clreen Refugee bean used in these investigations is 
the same as that empIoy(‘d in all previous association studies by the senior 
author (3,4). The seed was collected by W. J. Zaumeyer from healthy plants 
in his breeding plots in (Jreeley, Colorado, or from the writer’s healthy non¬ 
inoculated checks 1‘roni the same seed source. The same is true of U. S. No. 5 
Refugee. 

Ahhreviations 
M = bean mosaic ^ irus. 

P ~ Xanthomonas phaseuli. 

P. var. = a yellow variant of X, phaseoli, differing* from the ^'normal” strain 
in (‘olony chara(d<‘rs (3, p. 665, footnote 2), growth on steamed potato, 
and pathogenicity when first isolated. It usually* reverts to the ‘‘nor¬ 
mal” form in later passages through the plant. The strain of P. var. 
used in these fertilizer experiments was isolated 4 years previously from 
the petiole of a trifoliate leaf of Btringless Green Refugee inoculated by 
rubbing the jiriinary leaves wuth X. phaseoli Cuba 1934 strain f mosaic 
virus, and it was one of the strains used in the serial passages (3, p. 679, 
footnote 12). “Ty])ical” X, phaseoli wuis masked in the blade of the 
same trifoliate leaf and isolated therefrom. 

(M : P)*"^^ and (M ; P)''‘ - juice from the 57th and 64th serial passages of 
bean juice containing the mosaic virus f “typical” X. phaseoli. 

(M l P. var.)‘’‘'‘ juice from the 66th serial passage of bean juice containing 
the mosaic virus the yellow variant of X. phaseoli cited above. 

P(M - P)^^ = an isolate of X, phaseoli from the 34th serial passage of the tw^o 
infective agents. Used for dissociation studies (4). 

EXPERIMENT I 

Inoculations with (iLf rP)*’" 

The inoculum consisted of crushed tops of plants from the 57th serial 
passage of bean juice containing both infective agents. One hundred per 
cent of these plants had severe mosaic but no signs of bacterial infection at 
the time their tops were used as inoculum, viz., about 3 wrecks after inocu¬ 
lation. Mild bacterial stem infection was demonstrated later by microscopic 
examination. 

This experiment was comprised of 8 sets of five 4-inch pots containing 
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3 Stringless Green Refugee seedlings eaeli, 6 sets with sterilized washed 
quartz sand, and 2 with sterilized composted soil. Before the unfolding of 
the first trifoliate leaf, 4 sets (60 plants) were inoculated on the primary 
leaves. The remaining 4 sets were held as checks. Two days later (March 
5) the feeding of the sand cultures with 3 nutrient solutions was begun. 
These were supplied at the rate of 100 ml. nutrient solution per pot 6 times 
a week and the 6 sets so fed, including inoculated plants and eliecks, were 
designated as ‘4ow,” ‘'medium,'’ and “high N," respectively. 




Pig. 1. A. Striiigless Green Refugee beau seedlings iinxMiJatod witli the eruslied 
tops of plants from the 57th serial passage of bean juice containing ..Yrta/Aowown** 
phaseoli and the common bean mosaic virus, viz., (M + P)-'*7. Experiment 1. l^eft to 
right: Sand cultures watered with nutrient solutions containing high N (2000 p. p. m.), 
medium N (200 p. p. m.), and low N (9.8 p. p. m.), and controls in composted soil. Kote 
striking Xanthomonas phaseoli infection in medium N. Photographed two we^eks aft(‘r 
beginning experiment. (Compare noninoculated checks, Figure 1, B.) B. Noninoculated 
cheeks, watered with nutrient solutions as in A. 

The most interesting thing about these inoculations with (M ; ?)"* was 
the spectacular outbreak in the medium N set of Xanlhomonas phaseoli 
which had been masked in the inoculum. Tliere were very conspicuous 
tyi)ical lesions on the rubbed primary leaves of 100 per cent of the plants 
(Fig. 1, A ). In the high and low N sets, on the otlier hand, bacterial infeetion 
was confined to scarcely discernible water-soaked spots along the veins. In 
the tiomposted soil set, bacterial infection was somewhat more distinc?t hut 
by no means conspicuous. Isolates from the 3 nitrogen sets were tested for 
pathogenicity in experiment III. 
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Virus infection, manifested by curled trifoliate leaves and mucli dwarf¬ 
ing, was most striking in the medium N and composted soil sets where there 
was 100 per cent severe mosaic in 12 days. It was somewhat more severe in 
the composted soil set. There was also 100 i>er cent virus infection in the 
high and low N sets, but it was much less striking. 

Expressed juice from each set was tested for pathogenicity of the two 
infective agents therein (See experiment II). 

The effect of the different nutrient solutions on plant development was 
clearly visible in the noninoculated (checks in 5 days after the feeding began. 
The medium N set was normal in color and size, closely resembling the plants 
in composted soil. The high N set was dark green and dwarfed, and the 
low N set Avas a decidedly yellow green, sj^indling, and, on this date, the 
tallest of the three sets of sand cultures. The medium N set outgrew it later 
(Pig. I, B). The check plants remained free from infection. None of the 
inoculated x>lants ever blossomed. 

EXDERIMENT II 

Tests of Virulence of the Expressed Juice f rom Plants Inoculaied. 
with (M i P)''‘ and Receiving Varying Amoxmts 
of Nitrogen 

To test the infeetiA’ity of the juice of tlie inoculated plants in the 3 sand 
culture sets in experiment I after 3 weeks of feeding Avith varying amounts 
of nitrogen, rub-inoculations Avere made on the xirimary leaves of lO-day-old 
Stringless (Ireen Kefugce seedlings and, for comxiarison, on the mosaic-resis¬ 
tant li. S. No. 5 Refugee. A set of eacli variety Avas also inoculated Avith 
juice from tlie inoculated jjlants groAvn in sterilized composted soil. There 
Avere 20 })lants in eacdi unit, groAving in 6-inch x>ots of comxAOsted soil. 

The i-esults indicated that there had been an inhiluting effect of the high 
and loAv nitrogen on the bacterium, since. Avith a single exception,- no visible 
bacterial infection occurr(‘d on either bean variety inoculated Avith juice 
from i)lants in tlu" high or Ioav N sets. 

On the contrary 100 per (*ent of the |)rimarN' leaves of both bean varieties 
became infected AA’ith Xanthfononas phaseoh after they Avere rubbed Avith the 
infected juice of ])lants from tlu* medium X and composted soil sets. Tliere 
was also mucli severe secondary infeidion on the stems of the mosaic-resistant 
U. 8. No. 5 Refugee. Fifteen out of 20 xdants Avere girdled and broken over 
in tAvo months. 

The virus, on the other hand, Avas not permanently affected by any of 
the nitrogen concentrations. In 14 days 100 per cent of the Stringless Green 
Refugee in all sets Avere mosaiced. This Avas likeA^■ise the case with x^l<i^its 
inoculated Avith juice from the composted soil set. No mosaic appeared on 
the U. S. No. 5 Refugee. 

Neither bacterial nor Aurns infection appeared on the noninoculated 
checks of either variety. 

2 One i)lant of U. S. No. .'5 Refugee rubbed v’ith iiioculuiu from the high N set 
became infected. 
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EXPERIMENT III 

Tests of Virulence of Xanthomonas phaseoli Isolates from Plants 
Inoculated with {M. i P)"’” and Receiving Varying 
Amounts of Nitrogen 

Isolates of Xanthomonas phaseoU, ‘typical” in appearance in poured 
plates and on steamed potato cylinders,^ were obtained from the high, 
medium, and low nitrogen sets in experiment I about 3 weeks after inocu¬ 
lation. Dissociating colonies with many white sectors w^ere also present in 
poured plates from the low N set. ^ 

Comparative inoculations were made on (lo rapidly growing 12-day-ohl 
Stringless Green Refugee seedlings in sterilized composted soil using steamed 
potato cultures from single “tyxiicaP’ colonies as inoculum. 

The isolate from the medium N set was by far the most virulent aiul 
infection progressed so rajiidly that 19 out of 21 plants inoculated were 
girdled and broken over in 4 weeks, and none of the plants fruited. This 
was much more severe than the bacterial infection produced by the exin-essed 
juice from the medium N set. 

Unlike the bacteria in the juice-inoculations described in experiment II, 
the pure cultures of Xanthomonas phaseoli from the high and low N sets 
were also very virulent. In all 3 sets there was 100 per cent excellent ini'ei'- 
tion with a high percentage of girdled, broken-over stems. The greater 
pathogenicity of these isolates as contrasted witli that of the bacteria in ex¬ 
pressed juices from the same source is notable and probably due to a niiml)er* 
of factors. 

The checks remained healthy and i)rodacted a fine e.rop. 

EXPERIMENT IV 

Inoculations with (i¥-i Xanlhonionas phaseoli, and 
Mosaic Virus 

This experiment, begun June 25, differed from experiment I in (a) the 
use as inoculum of plants from a serial passage showing 100 per cent visible 
infection with both pathogens—bacterial as well as virus, (b) addition of 
a second and third set of inoculations witli Xanihomonas phaseoli and the 
mosaic virus, respectively, (c) the use of a far larger number of plants. 

The inocula used were as follows: 

1, (M -i- P) : Crushed tops of plants from the ()4th serial passage of bean 
juice containing the two associated infective agents; 100 per cent visible 
infection with both pathogens. The diseased plant material was collected 
18 days after the bean seedlings were inoculated. 

2, A sterile distilled water suspension of 3-day-old cultures on steamed 
potato cylinders of Xanihomonas phaseoli Z strain, long in stock, virulent, 
and with no history of association with the mosaic virus. 

3, Crushed typical mosaic-infected trifoliate leaves from jJants inocu- 

3 Copious S yellow ± syrupy growth, so filling the water at the base of the cylinder 
Miiit the tubes could be turned upside down with impunity. 
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lated 18 days previously with the juice of infected trifoliate leaves selected 
from diseased plants in serial passages of mosaic virus-containing juice. 

In the sand-grown sets, each unit {Xanthomonas phaseoli, low nitrogen, 
e.g,) contained 100 plants. In the composted soil series, because of a short¬ 
age of seed, this number was reduced to 76 in the inoculated set and to 64 in 
the check set. A total of 1492 Stringless Green Refugee bean seedlings were 
involved. 

The groups treated with dift'erent inocula were kept some distance apart. 
The noninoculated checks on seed infection were isolated. 

Four plants were grown per 4-inch pot. The nutrient solutions and 
schedule of applications used were the same as in experiment I. 

{M -I Inoculations 

Bacterial infection: In the series inoculated with (M-rP)^*, the most 
severe initial bacterial infection was in the composted soil; the medium N 
series was a close second, IntVction by Xanthomonas phaseoli was excellent 
in the high N set but developed much more slowly. There was ultimately 100 
X)er cent bacter*ial infection of the primary leaves in all four sets. In those 
plants sulfering from nitrogen starvation (9.8 p. p. m. N), the initial lesions 
increased but little in size and soon dried uji. However, the bacteria reached 
tlie stems of at least 65 i)ei- cent of the plants, as determined by hand lens 
examination. 

Virus infection: There was severe (leveloi>ment of mosaic, with much 
dwarfing and many cui’led trifoliate leaves, in both the medium N set and 
the composted soil, i)rogres.sing a little more rapidly in the former but reach¬ 
ing 100 per cent in both in 14 days. There Avas also 100 per cent mosaic in 
the low N set but it had developcxl much moi’e slowly. In the high N set 
very few plants showed signs of mosaic infection other than dwarfing. 

The (M+ P)'*' group in experiment IV showed, in 11 days, much more 
dwarfing (all sets) than did tlie plants inoculated with mosaic virus alone. 

The i)lants at times appeared to be overwatered by the 100-ml. nutrient 
solution ajiplied 6 times a week. This, as might be expected, was most 
marked in tlie high N set where the plants, in addition to being stunted by 
the inoculation, Avere (hvarfed by the i?!XC(^ss nitrogen. 

Xanthomoyias phaseoli Z slrani inoculations 

far the most severe bacterial infection was obtained in the medium N 
set. The difference betAveeii this and all other sets in the X. phaseoli group 
Avas conspicuous. There Avas 100 per cent heavy infection of the inoculated 
primary leaves and 68 per cent stem infection in the medium N set. 

In the loAV N set, good but scattered lesions Avere on the primary leaves, 
and 62 per cent visible secondary infection on the stems. Yellow bacterial 
ooze Avas produced in 32 per cent of the infections by the 29th day. 

In the high N set, a liigh percentage of the rubbed primary leaves had 
a very slowly developing infection, although at the end of tAvo weeks these 
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plants had the fewest bacterial lesions of any set in the X. phaseoli group. 
There was never any visible secondary infection on the stems which were 
under observation for 38 days. 

In composted soil there was only scattered infection on the primary 
leaves but 42 per cent visible stem infection in 30 days. 

Mosaic virus inoculations 

Virus infection in this group was very poor as a whole. The best, a little 
mild mosaic with some curling of trifoliate leaves, api)eared in the sand with 
medium N and the composted soil sets, ^ere was some dwarfing in the 
low N set, which may have been due to the virus, but no other mosaic symp¬ 
toms appeared. There was little if any virus infection in the high N set. 
These results were puzzling and might have been laid to the failure to use 
carborundum had it not been for the fact that in the serial passages of juice 
(jontaining the virus alone, infection had never fallen below 80 i)er cent and 
in 7 of the 10 passages completed at this 111110 “* had reached 100 per cent good 
but not severe mosaic infection without the use of carborundum. 

The most striking thing about tliis virus group was the outbreak of typi¬ 
cal Xantkomonas phascoU infection in 73 per cent of the plants in the 
medium N set though no bacterial infection had been ol)served in tlie plants 
in the mosaic-virus serial passages from which tlie inoculum was obtained. 
A little bacterial infection also oecurred in the high N set but none in the 
low N or soil sets. Apparently X, phascoU was masloHi in the inoeulum and, 
as in experiment I, it had been stimulat(Ml by the 200 p. ]). m. N in the 
medium N set. 

Checks 

There was no sign oT virus or bacterial intedion in any of the 300 non- 
inoculated elieek plants growing in sand or in the 64 in composted soil. The 
optimum growth was in the medium X set. 

Overwaicriruf 

It was apparent that 100 ml. of nutrient solution 6 times a week consti¬ 
tuted overwatering for the dwarfed plants, particularly tliose in the high N 
sets of all groups including tlie noninocuiated (*hecks. On the other hand 
it was sometimes not (juite enough for the groups in whicli the plants made 
a normal amount of growth, notably the Xamthomonas pha^KcoU, virus, and 
check groups in the medium N set. 

Beginning with the 21st day the high N sets in all groups were fed every 
other day and water was given here and there as needed. 

EXPEEIMENT V 

Jnoculations with P,var.y^\ Xanthomonas phascoU 
and Mosaic Virus 

As previous experience had shown that the dwarfed sets were frequently 

4 The 10th serial passage had been made the day following the inoculations in this 
vims group. 
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overwatered, experiment IV was repeated the first ol* October, usirif;: 6-inch 
pots"’ with 4 plants each and adding: water here and there as needed. As a 
result none of the sets showed ill effects of overwatering*. Sixty plants com¬ 
prised each of the sand units and 48 plants the composted soil units. The 
feeding began October 5, the day after inoculation. 

Aside from the fact that the virus inoculum used in this experiment was 
more virulent, the results ijreviously obtained ^vere confirmed using another 
set of inocula as follow's: 

1. (M } P. var.)^^‘^ Tops of plants from the 66th serial x>assage of juice 
containing the mosai(* virus and the yellow' variant of X, phaseoli described 
in an earlier i)aiK‘r (3). One hundred per cent of the x)lants of the 66th 
serial passage liad excellent mosaic and scattering mild X. phaseoli infec¬ 
tion. The material was collected three weeks after inoculation. 

2. Xanthomonas phaseoli: A sterile distilled w'ater suspension of cultures 
on steamed potato cylinders of the Wyoming 1940 strain, a very virulent 
isolate recently ol)taine(l li-om a bean j)od and having no history of associ¬ 
ation with the mosaic virus. 

3. Vims inoculum : From serial passages of juice containing mosaic virus. 
They had been start(‘(l 8 months earlier by the use of seed-infected plants 
as inocmlum. The plants had been inoculated 4 weeks previously. 

Crop 

liiilike tlie ju'cvious ex]>eriments, experiment V w’as continued long* 
enough to form an (‘stimate of tli(‘ crop, that is, until the yilants w'cre 7| weeks, 
old. In all sets the cro}) w’as much reduced by infection, most in the (M-f P, 
var.)'**’’ grou]> which did not (*ven blossom, next in the virus groui), least by 
X. phaseoli. 

Only tlie checks were in condition to mature all the jiods on the plants 
at the time the count was made. They produced about 1.4 times as many 
in composted soil as in the medium N set, and very few' in low and high N, 
least in the latter. 

DISCUSSION 

Although various investigators have reported on the effect of nitrogen 
on the activity of idant pathogens, none, to the authors’ knowdedge, have 
WTirked on its efiV(d on associated infective agents. The present investiga¬ 
tions w-ere carried on from that point of view'. 

In the studies here reported, the results may have been somewhat differ¬ 
ent had not root nodules formed notwithstanding the sterilization of the 
washed quartz sand in which the seedlings fed w'itli nutrient solutions W'ere 
growm. It is ((uite con(*eival)le that 200 p. p. m. N w^ovdd not have been sufiB- 
eient for 2 pathogens in addition to the host without the extra N supplied 
b\' the root nodules. Scattered small nodules and a few large ones were 
formed in plants in this medium N set. In the high N (2000 p, p. m.) set,, 
there were scattered small nodules and in the low' N (9.8 p. p. m.) set, scat- 

B Six-inch pots contain 3^ times as much soil as 4'inch pots. 
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tered large ones. L. T. Leojiard states (oral eonimunieatioii) that under 
ordinary greenhouse conditions it is almost impossible to exclude the nodule 
bacteria when growing many species ot* legumes. 

A comparison ol* the bacterial infection produced by inoculations with 
(A) the expressed Juice from plants of the 3 nitrogen sets of (M f P)°" 
inoculations in experiment I (See experiment 11), and (B) steamed potato 
cultures of isolates from the same nitrogen sets (See experiment III) is illu¬ 
minating. The lesser pathogenicity of the bacterium in the expressed Juice 
inocula is believed to be due (a) to its long in vivo existence in the much 
stunted plants of the serial passages in association with the virus, in which 
circumstances a tendcm'.y to dissociation intotless virulent and avirulent 
variants has been demonstrated (4) and (b), in the case of the bacterium in 
the juice from the liigh and low N sets, to the additional inhibiting influence 
of ex (jess and deficient nitrogen. On the otlier liand the greater pathoge¬ 
nicity of the pure cultures of tlie isolates is in all prol)ability due to the pre¬ 
liminary building up of their virulence on a favorable eultur<‘ medium 
(steamed potato cylinders) which favors the virulent S yellow form and 
tends to repress the mildl.^■ pathogenic and avirulent variants. 

Unfortunately none of the available virus inoculum was absolutely free 
from the suspicion of the presence of masked Xanthomonas phaseoli. Just 
before making the hist set of inoculations in tlie virus group (experiment V), 
bacterial infection broke out for the first time in the source of inoculum, 
vk.y the mosaic virus serial passages carried on for 8 months. It was such 
an outbreak of X, pluiscoli in Zaumeyer's tests of hybrids-for mosaic resis¬ 
tance that had led to the first association studies by the senior author (3). 

There was no mosaic-infected seed at hand from which a fresh start 
towards obtaining virus inoculum could be made. Ileiu'c the inoculum for 
the virus group cannot be considered assuredly pure virus com])arable to 
pure cultures of Xanlhomonas phaseoli. As for the virus infection in the 
virus group, it is possible that better results would liav(‘ t)een obtained wdth 
the use of carborundum altliough 100 ])er C‘‘nt good }>ut not severe mosaic 
infection had occurred without its use in 10 out of 14 serial passages of the 
virus completed up to this time. Furthermore, in none of the 14 passages 
had infection fallen below 80 per cent. 

SUMMARY 

The cfl;ect of varying amounts of nitrogen, 9.8 p. p. m., 200 p, p. m., and 
2000 p. p. m., tviis teste<l on Stringless Green Kefugee bean seedlings grown 
in sand and inoculated with (a) juice from sei*ial passages of bean juice 
containing Xanthomonas phaseoli and the comm(>n bean mosaic virus, (b) 
pure, single colony cultures of X. phaseoli, and (c) juice from serial passages 
of bean juice containing the common bean mosaic virus. Comparative inocu¬ 
lations were made on plants grown in sterilized composted soil and noniiiocu- 
iated plants, grown in each substratum, Avere held as checks on seed infection. 

Of tlie three concentrations of nitrogen tested, medium N (200 p. p. m.) 
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produced the most intense development of both virus and bacterium in every 
case. This was also optimum for growth of the host. 

Pathogenicity tests of juice from all sets of plants inoculated with 
(M4 in experiment I showed that the virus had not been permanently 
inhibited by any of the three N-concentrations, inasmuch as the juice from 
all sets produced 100 per cent good mosaic when tested on plants grown in 
composted soil. On the other hand there had been marked inhibition of the 
bacterium by both low N (9.8 p. p. m.) and high N (2000 p. p. m.). 

Wlien, however, isolates of the bacterium from the same three nitrogen 
sets were first grown on a favorable culture medium (steamed potato 
cylinders) and then used as inoculum, all were very virulent although the 
isolate from the medium N (200 p. p. m.) was notably more so. 

Plant Industry Station, 

Beltsville, Maryland. 
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TYPES OP DEFENSIVE REACTIONS IN PLANTS 

V. 11 N S T G A I ^ MANN 
(Acceplt'd for publication April 2, 1946) 

By a defensive redetion we understand a vital process initiated in a host 
by a x>athogcnic agent and directed more or less specific'ally against that 
agent itself. In a book recentJy issued, the writer (b) has endeavored to 
discuss in detail the various types of defensive reactions in jilants. It is 
the purpose of this article to reiiresent certain pioints of view as set forth in 
that treatise. 

Th(^ defensive reactions in plants may be broadly classified as follows: 
I. According to the object against which they are xirimarily directed; 2. 
According to the life histoiy of the infected plant; According to the in¬ 
tensity of the reaction. 

The ohject of the defcnsire reactions. According to their object the 
defensive reactioirs may in turn be grouped in tln*ee subdivisions, viz: 

a. The anti-inrectional reactions, which are directed against the jiarasite 
itself and endeavor to weaken or annihilate it; 

h. The antitoxic reactions, which are not [iriinarily directed against 
the parasite, but against its metabolic jiroducts, especially its toxins, and, 
furthermore, against the necrotic jiroducts of the atfected cells and tissues, 
W'liich they tend to render harmless; 

c. The induced tolerance, which (contrary to the pn'viously given defini¬ 
tion) is directed neither against the parasite nor against its metabolic prod¬ 
ucts; it acts rather against the sensitivejiess of the host plant itself to these 
pathogenic agents. Tlu‘ host plant undergo(‘s a dcsmisibilizatiou by virtue of 
which it no longer reacts to the pathogenic agent. The }:)lant tolerates the 
latter without manifest symptoms and, although infect(‘d, does not become 
diseased. 

The life history of the infected plant. Tlie capacity for reacting de¬ 
fensively is either spontaneous (autonomous) or ae(]iiir(‘d (induced). The 
first is hert'ditary, endowed by nature; the second remains merely i)ote]itial, 
latent, until it is activated by a p)rimHry infection; by withstanding this the 
plant's readiness to resist is sensitized so that only then does it develop its 
full defensive capacriiy. 

'Ihe 'intensity of the dcjensire reactions. Reactions are eitlier normergic 
or hyperergic. In normergic reactions (which need not jiccessarily be 
merely defensive) cause and effect bear a certain proportionate (‘AiormaP') 
relation to each other. When parasite and host bear sucli a normal rela- 
tionshii), it is termed eusyinbiontic; although each partner is in conflict 
with the other, they still continue together in a kind of j)arasitic community, 
whidi leads to disease. The hyperergic reactions represent the other ex¬ 
treme. The ratio between cause and effect becomes disproportionate. A 
host-parasite relationship of this kind is termed parabiontic; the two part- 

r>24 
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ners do not tolerate each other; they react transversely to each other, with 
the result that within a few hours necrotic alterations in the infected cells, 
or in the adjoining noninfected cells, manifest themselves and rapidly cause 
death. 

In accordance with these viewpoints it was attempted to classify in table 
1 the different types of defensive reactions so far as they have been exactly 
determined in plants. 

I. The plasmatic anti-infecfional react urns. These represent the norm- 
ergic type of anti-infectional defense, most easily traceable in cases of 
chronic infections, when parasite and host are in contact over protracted 
periods. Similar reac^tions doubtless occur in the course of acute disease, 
but, being more rapid and irregular, are more difficult to observe and to 
interpret. They operate along three lines. 


TABLE 1 .—The types of defensive naclions in plants. After Gaumann (6) 


Obj(‘ct of tlie reaction 

Historical 

(btvelopment 

Intensity 


Type of reaction 



r Normergic 

I. 

Plasmatic anti-infec- 



1 


tional reactions 

Tlie pathogen itsc^lf (anti- J 

infectional reactions) '] 

1 

t 

j" Autonomous | 

[ Hyperergic 

II. 

Necrotic reactions 

Induced 

Normergic 

III. 

Premunity 



' Normergic 

IV. 

Histogenic demar¬ 

The metabolic products of 




cations 

the pathogen (anti toxic 

Autonomous 

1 



reactions) 


1 Hyperergic 

V. 

Gu m mon s demar- 


1 

L 


cations 

'Pile innate sensitiveness of 

Induced 

Normergic 

VI. 

I) csensi biliza t i o ii 


the host (iiuliK'cd toler¬ 
ance) 


a. They alter and Meaken the invading jiarasite. For example. Bac¬ 
terium radicicola Beij. destroys the root cells of weakened Leguminosae. 
In vital plants, however, the bacterium is altered under the influence of the 
defensive reactions: the host cells remain alive and retain ability to divide 
despite being flooded by tlie bacteria (17). To take a mycological example ; 
when lateral hyphae of intercellular fungi enter the host cells, the liyphae 
generally stop growing and become knotty and deformed. Since they dis¬ 
solve and absorb the contents of the host cells, their ])eculiar form is re¬ 
garded as fungoid (•'hausioria’’). This assumption is not unreservedly 
right; when tlie same fungi are growm on dead tissues of the same hosts, 
they form no such “haustoria'' in the host cells, although they extract their 
nourishment from the latter. Hence, the haustoria are not a growdh-form 
determined by the fungus, but are reaction-produets betAveen the defensive 
reactions of the host cells and the counter-reaction of the intruding hyphae. 

h. They localize the intruding pathogen. Only a few infectious dis¬ 
eases of plants are s,ystemic; most of them are localized {e.g., leaf-diseases). 
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We may assume that the reason lies in the functional defense of the host 
cells, which causes an exhaustion of the invading agent and finishes by 
stopping and localizing the infection. When the same leaves are first 
killed by freezing, the same parasites {e.g., Cercospora beticolay Venturia 
inaequalis, Diplocarpon rosae) are able to grow right through them without 
restraint. 

c. They digest and eliminate the intracellular parasites. Thus, haustoria 
are in time corroded and live for a relatively shorter period than the inter¬ 
cellular hyphae. The intracellular bacteria of the root-nodules (Fig. 1) 
and the intracellular hyphae of mycorrhizal (Pig. 2) furnish further ex¬ 
amples of these digestive processes. 



Fig. 1. Digestion of Bacterium radidcola Beij. in the root-uodulea of Lupinus 
alhush, 1500 X. After Schaede (14). 



Fig. 2. Digestion of mycorrhiza in the roots of PUitanthcra chlorantha Oust. Left, 
a cell rich in content, showing incipient digestion. Right, a cell poor in content, showing 
an advanced stage of digestion. IGO After Burgelf (4). 


These three normergic principles (weakening, localizing, and eliminating 
the parasite) are based on biochemical reactions; they are borne by agglu¬ 
tinins, lysins, etc., as is jiroved by appropriately selected examples. Com¬ 
pared with tile aiiii-inlectional reactions of the human body their efficiency 
is low. Not only do they generally fail to prevent the infection, but they 
also are mostly unable to eliminate the invading jiarasite; lienee, they do not 
lead to an autosterilization, to healing of the infected tissues; these remain, 
as a rule, affected for the rest of their life. Accordingly plants in general 
dc not recover from their infectious diseases. 

The cause of this inefficiency doubtless is to be attributed to the extreme 
simplicity of the mechanism of the plasmatic defensive reactions. In the 
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human and animal body, invading germs are combatted not only by the bio¬ 
chemical action of agglutinins, lysins, etc., but mainly by special resistance 
cells, viz., by the mobile leuco-phagocytes and by the stationary reticulo¬ 
endothelial system. Above all, the mobile defensive system enables the host 
to eliminate the pathogen within a short time, by assembling at the point of 
danger hundreds of thousands of fighting-cells, which eliminate, by fighting 
one cell against another, the invading germs. Such mobile fighting cells are 
unknown to the plant; hence it is unable to mobilize at the point of infection 
the full resistance-potential of entire tissues or organs. Each infected 
cell-group must resist by itself, independently and without hcli) from other 
cells. Hence, it is not suri)rising that the normergic plasmatic defense 
system in plants meets w^ith such a Ioav degree of success, merely localizing, 
but not healing, the infections. 

II. The necrotic reactions. These represent the hyperergic type of re¬ 
actions and are caused by a h.ypersensitiveness of the host cells to the emana¬ 
tions of the parasite. Their consequence for the parasite-host system are 
diametrically oj)i)()sed according to the biological type of the parasite, which 
may be either necrotrophic or biotrophic. 

Necrotrophic parasites (e.g., Bolrytis cinerea^ Yalsa, Corticium vagiini) 
are able to feed on dead substances of tlie host. If, therefore, the host cells 
die at their approach, the further development of the parasite is facilitated. 

Biotrophic i^arasites {e.g., Synchytrinm. endobioticum, mildews, rusts) 
on the contrary, can only nourisli themselves from the living substance of 
the host. Hence if their intrusion is met by hyperergic reactions of the 
host colls and if th(' latter j)erish, the further development of the parasite 
is rendered impossible, a sort of scorched eai’tli strategy in nature. Accord¬ 
ingly, necrotic reactions arc not actually defensive reactions, but rather the 
evidence of the highest susceptibility or liypersensitiveness. But since the 
invading i)arasite is destroyed simultaneously with the death of the host 
cells, these hyperergic reactions have an anti-infeetional effect: hyx>ersensi- 
tive individuals are resistant to biotroj)hic parasites because they are over- 
susceptible. 

The timing of the hyperergic response varies. The epidermal cells of 
red clover perish at the very first contact wdth the infectious hyphae of 
Erysiphe marlii (Fig, 3, A and B), while in Kanred wheat the symptoms 
of the hyi>erergic effects aiipear only after some days (Fig. 3, C). 

III. Premunify. In the reactions so far dealt with, the full readiness 
and capacity for reaction were innate to the individual (autonomous re¬ 
actions). Among the numerous reactions which are initiated in the in¬ 
vaded individuals by the pathogen, and which mostly lead to a damaging 
of the former, there are nevertheless some wdiicli occasionally produce the 
opposite result. Instead of weakening the host, the attacking pathogen 
stimulates or sensitizes it, activating in it a resistance power which was 
previously only latent or insufficient (induced defensive reactions). 
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Ill the field of inducfed defensive reactions, however, the premises in 
phytopathology and in human and veterinary medicine are rather different. 
In vaccination, it is the recovery from an artificially introduced infection, 
which leads to an alteration in the reaction-norm of the organism. The 
pathogen disappears from the body, which however retains an increased 
resistance power against a later re-infection. 

This form of acquired immunity can scarcely be expected in plant life, 
because plants cannot, as a rule, be entirely freed of infection. They are, 
however, capable of attaining a different type of immunity, a type known in 
human medicine (dermatology), but of no greaf significance there; this is 
infectionary immunity or premunity, based on the fact that an organism 
or certain of its tissues, cannot be effectually superinfected by the same or 



Fig. .3. A and B. Infoctioii of Trifoliwm pratense L. by Erysiphe vuirtii Lov. A. 
A susceptible variety of clover, whicli only reacts nonnergically, and in which the parasite 
can form a liaiistorium, without cansijifi: any apparent disturbance. B. A liyp(‘rsensitive 
variety, in which the invaded epidei inal celts undergo a sudden n(*crotic degeneration and 
perish togetht'r with the intruding pa.asite.. (f, infection hyplia; h, necrotic host cell. 
385 X. After O. F. Smith (15). (J. Hyperergic reaction of Kanre<] wheat to an infec¬ 
tion of PuiJcinia pramims tritici Erikss., biotype I. B, siil)3toinatal vesicle; 1% fungus 
hy];)hae, partially abortive. Approx. .3!>0 x. After Allen (1). 

by a related pathogen, so long as the original iufe(;tioii exists. In acquired 
immunity, the curing of a primary infection provides proteedion against a 
re-infeetjon, whereas, in preiinuiity, a still existing i)rimary infection pro¬ 
vides |)rotection against a siiper-infection. 

Accordingly, premunity, like acijuircd immunity, is based upon an 
alteration in the host, effected by pre-infection, through which the host has 
gained a resistance poAV(‘r wliich it did not originally possess. In contrast 
to acquired immunity, the alteration in the host is maintained in the case of 
premunity only as long as the pre-infection lasts. 

Premunity can, according to the field of its action, produce either a local 
immunity from infetition or a local immunity from disease. 

A classical example of a local immunity from infeid/ion is furnished by 
Bernard's experiments with orchid mycorrhiza (2). If young orchid em- 
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bryos be infected by a less ag^rressive strain of mycorrhiza, the hyphae pene¬ 
trate at the suspensor region to a dei)th of several cell layers; their further 
progress is then checked. If, however, after some days, the pre-infected 
embryos be subjected to a virulent fungus strain, one so virulent as would 
normally kill the enibryo, this fungus is no longer able to enter the infected 
region. When, however, in hder stages, the embryo produces bristles, the 
lethal infection can enter through these. The embryo’s readiness to resist 
infection has thus been only locally sensitized. This local premunity is 
group-specific; if it is in it iated by a weak strain of Rhizocton ia repcns Bern., 
it is also effective agaiiist aggressive strains of RhAzoctonia mucoroides Bern, 
and of R. lanuginom Bern. 

I'remunizing expei*ijnents made by Salaman (11, 12) with the X-virus 
may be mentioned as an example of an induced local immunity against 
disease. A number of toliaceo |)lants were preinfected with the weakest 
G-strain, the symj)t(>nis of wbicli Avere so mild as to cause only the suspicion 
of a mottling. The plants were then superinfected by the virulent S-strain 
in consecutive gi‘Ouj)s, at 24-hour intervals. In the super infections of the 
first 4 days the S-strain i)enetrated and the plants became diseased a(*cord- 
ing to the S-type. Tin* group supei*infected on the fifth day evinced a 
l)artial resistance to the 8-strain-disease, Avhile the group treated on the 
eighth day no longt*r showed any symptoms of S-disease; the plants in this 
group reacted only to the G-sti-ain: in them, the S-virus coidd not develop 
beyond the point of infe(*tion. 

Thus, previously infei'ted individuals remain susceptible to superin¬ 
fection. .Vft(*r a period of latency (4 days), however, they become capable 
of arn*sting the general spreading of the superinfected virus; they localize 
it, and th(*refore beeoiiie ](‘sisrant to disease, just as in the case of human 
beings Avho have suffered fi'oin di|)htheria. The induced protection is specific 
in such (*ases and is not effe(*tiAT against Y- and ring-s|)ot viruses. In other 
cases, howevei*. the premunity is gr()u[)-specific and, furthermore, its effect 
can reach a depth of 7 cell layers beyond the pre-infected zone, thus leading 
to a local tissuo-iniinunity (5, 7. 18). 

IV. Ilisiogcnic donarcatUms. The defensive reactions so far dealt with 
are (*xclusiv(‘ly of anti-iiifectional type, being directed against the i)arasite. 
As, how(*vei\ they generally succeed in merely Aveakening and localizing, 
but not eliminating it. a chronic disease-focus results. Conse(iuently, the 
host organism has the ucav task of seeking to protect itself against the i)atho- 
genic metaboli(i products emanating from the focus; especially against the 
toxins of the j)arasite and the necrotic products of its OAvn invaded cells. 
This protection is etlVcted b\’^ means of the antitoxic reactions; their aim is 
not to jireveiit infection, but to j>revent disease. 

In the human system such antitoxic protection is provided biochemically 
by means of specific antitoxins, Avliich neutralize the pathogenic agent (des¬ 
troying it functionally), and histologically by means of demarcating tissues. 
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In plant pathology antitoxins have not yet been found, but numerous de¬ 
marcation reactions are known; histogenic demarcations (Fig. 4) may be 
mentioned as a normergic example, and guminous demarcations as an hy¬ 
perergic example. 

To judge by such investigations as have been made on histogenic de¬ 
marcations, they possess chiefly antitoxic, not anti-infectional properties; 
therefore the parasite is sometimes able to penetrate them. The reaction 
chain is not initiated by the parasite itself, but by the necrosis caused by it. 
To this extent, demarcation reactions are nonspetdfic, being indifferent to 
the particular source of the necrosis, which irfcy be one of the following: 
necrogenic products of the lesions, toxins of the parasite, or any other or¬ 
ganic or inorganic poisons. Similarl}^ the mechanism of demarcation is 



Fig. 4. Focus of Clasterosporium carpophilum (L^v.) Aderh. on branch of almond, 
Prunus amygdalus Stok., conlined by a demarcation tissue. 60 x. After Samuel (13). 

nonspecific; it corresponds to the wddesi:)read manifestation that local lesions 
produce a localizing tissue in plant bodies (dehiscence tissue, scar tissue, 
etc.). 

F. Gammons demarcations. An example of the antitoxic effect of a 
hyperergic gummosis may be found in the silvTi’-leaf disease of plum trees. 
If a root or the trunk be locally infected by ^tercum purpurenm, toxins 
of this agent are carried with the sap into the upper regions of the tree, 
where they cause cellular pathological changes (siiver-leaf effect). In 
severe cases the disease can lead to the death of the tree within a few years. 

In certain varieties of plum trees, the capacity of resistance to disease 
depends upon the readiness of the woody tissues to respond with hyperergic 
antitoxic reactions. The Victoria plum reacts weakly and therefore falls 
an easy victim to the disease (3). On the other hand the trunks of Per- 
shorc plum respond with an ample exudation of gum, whicli forms an im¬ 
passable barricade to the toxins, similar to the reaction zone in beeches 
(Pig. 5). The regular formation of this antitoxic zone in the beech possibly 
provides the reason why this species is not liable to silver-leaf diseasi', not¬ 
withstanding its continual contamination by Stercnm purpurenm. 

Both plum varieties mentioned are liable to infection; but the I^ershore 
variety is better able to resist disease because it is able to prevent the flooding 
and poisoning of its tissues by the pathogenic agents emanating from the 
foCTXS. 
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VI. Induced tolerance. Even when a plant is unable to localize the 
pathogenic agent (the parasite or its toxins) and is consequently flooded by 
these, its condition is not necessarily hopeless. It can, in certain eases, 
resort to a new form of disease prevention, by simply ignoring the agent. 
Even though flooded by the pathogen the plant does not react to it, in 
short, it becomes tolerant (induced tolerance). 

Induced tolerance has one featvire in common with the antitoxic reac¬ 
tions, in that it shuts out the result of the infection; but, not as the latter 
does, by neutralizing or localizing the harmful agent, but rather by adopt¬ 
ing the opposite extreme of behavior. It effects a desensibilization of its 
own system, Avhieh no longer answers to the pathogenic agent, and there- 



Fig. f). Antitoxic reaction of a beech trunk to artificial infection by Stcrcum pur- 
pHreum. Approx. Vialf nnt. size. After Miinch (8). 

fere does not develop the disease. Human medicine possesses an indication 
of such induced tolerance in typhus carriers. 

For instance, if tin* virus of the ring-spot disease be transferred to 
healthy tobacco plants by means of rubbing the leaves, typical symptoms 
ai)pear on these leaves within three days, and the virus spreads through all 
parts of the plant, with the exception of the growing point. However, the 
symptoms gradually begin to fade out; those in newly formed leaves and 
lateral branches become increasingly faint and eventually disappear en¬ 
tirely. The leaves on such plants are merely somewhat darker green and 
more leathery than on virus-free s])eeimens (9, 10). In the meantime the 
leaves originally infected have dropped off; the plants have “recovered”; 
they are clinically cured, but continue to be carriers of the virus, which is 
still present, unweakened and fully pathogenic to uninfected plants. Only 
the symptoms have disappeared. 

This clinical healing is apparently based on three components: 

1. Actual anti-infectional reactions (formation of anti-virus bodies). 
As a result of these, the virus protein content in recovered leaves is, in 
general, only 10-20 per cent of that in the originally diseased leaves. 
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2. A blocking of the remaining 10-20 i)er cent of the virus proteins. 
These are in no way blunted, but fully j)athogenie to other plants; only in 
the healed’’ plants are they unable to destroy the ehloroplasts and to cause 
necrotic degeneration. 

3. A desensitizing of the host organism, i.e,, a eonversion to tolerance, by 
virtue of which the host is able to carry the remaining virus (which as¬ 
similates a considerable part of the host’s native protein) without mani¬ 
festing symptoms. 

When clinically healed carriers are strongly superinfected with the ring- 
spot virus, they evince no further symptoms; i^!hey have thus become tolerant 
towards even a severe superinfeetion. This induced tolerance is group- 
specific against all types of ring-spot virus; the latter can develop undis¬ 
turbed in the '^nired” plants, while retaining full pathogenicity for other 
Xilants; only the ‘‘recovered” plants ignore, and do not react to them. 

If a healtlo^ shoot be grafted on to the stem of a “re(*overed” tobacco 
plant, it takes up the virus, but not the acquired tolerance, so that it evinces 
incipient symi)toms of ring-spot which, liOMCver, later fade out. 

In curly-top of sugar beet however, inoculated to tobacco, not only the 
virus, but also the induced tolerance entity emigi*ates to tlu^ graft(*d slioots 
(19). The “recovered” partner thus indulges in the healthy partner an¬ 
other reaction-norm against the virus; a similar indiK'tion is found in the 
organizer-effect in animal transplantations (16't. 

These six iriain types of defensive reactions probal)I\' do not exhaust the 
possibilities of active resistance in jilants. The aim of this arti(.‘le is merely 
to describe them shortly with a consistent terminology. 

Department of Botany, 
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TEN ADDITIONAL LEAFHOPPBR VECTORS OF THE VIRUS 
CAUSING PIERCE’S DISEASE OF GRAPES 


Norman W . F r a z i e r i and .1 . II . F r e i t a g 2 
(Accepted for publication April 5, 1946) 

INTRODUCTION 

Three species of leafhoppers, Dracmlacephala minerva Ball, Cameo- 
ccphala fulgida Nott., and Neolwlla circfLlata (Baker), were stated by 
Hewitt, Frazier, Jacob, ami Freitag (4) in 1942 to have tlie ability to trans¬ 
mit the virus causing Pierce’s disease of grapes. Frazier (3) reported 
these three and, in addition, the following six species as vectors in 1944; 
Carneocephala triguttata Nott., Ilelochara delta Oman, Neokolla gothica 
(Sign.), iV. conjlucns (Uhler), N. heiroglyphica (Say) and Cuerna occi- 
dentalis Oman and Beamer. 

Hewitt, Houston, Frazier, and Freitag (5) later published experimental 
data substantiating the fact that DraeculaccphMa minerva, Carneocephala 
fulgida^ Neokolla circellata and Ilelochara delia can transmit the virus, and 
showed that alfalfa dwarf disease and Pierce’s disease of grape are caused 
by the same virus. 

The present paper presents experimental data suppoiding tlie fact that 
the remaining 5 pre^'ionsly reported species, namely, CarneovA’phala iriguf- 
tatOj Neokolla goiliicaf N. con flue ns^ N. heiroglyphica, and Cuerna occi- 
dentalis are vectors of the virus, and contains evidence to show that an 
additional 5 species of leafhoppers, not previously reported, are also able 
to transmit the virus. Tliey are Pagaronia triunata Ball, P. JS-punctata 
Bali, P. furcata Oman, P. confusa Oman, and Friscanns jriscanus (Ball).*' 


METHODS 


All work herein j’cported was carried out at BerkeK*y under glasshouse 
conditions. Naturally and experimentaliy iutccted altalta and grajie plants 
were used as sources of virus for the leafhoppers. Healthy California 
Common variety alfalfa idants and grapevines of the varieties Emperor, 
Ihompson beeciless, Ribier, and Palomino propagated from indexed cuttings 
were used as test plants. The numbers of tests made of the different si^eeies 
of leafhoppers were determined in large measure by their availability. The 
numbers of insects used per test were usually from 5 to .15, but the'great 
majority of tests was made with 10. It was not found possible to effectively 
rear sufficient populations of any of the species for experimental work, so it 
was necessary to collect all insects in the field. Because of limited distri- 
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butioii and relative scarcity of some species often only small numbers could 
thus be obtained. With the genera Pagaronia and Friscanus, grape and 
alfalfa proved to be rather unfavorable hosts inasmuch as a relatively high 
mortality resulted, and this again limited the number of tests. 

transmission op virus 

The results of transmission trials carried out with 10 species of leaf- 
hoppers are in table 1. Under the conditions of these experiments a con¬ 
siderable range was eviden(».ed among the various species in their relative 
ability to transmit the virus from diseased to healthy alfalfa and grape 
plants. The most efficient group of vectors included the species of the 
genera Neokolla, and Cuerna which infected from 42 to 78 

per cent of the total number of plants inoculated. Grape or alfalfa were 
relatively favorable host plants for the species belonging to these 3 genera, 

TABLE 1 . — Transmisaion by 10 spceics of Icafhoppers of virus from diseased to 
healthy grape and alfalfa plants 


From diseased grape From diseased alfalfa percentage 


Species of Icafhoppers 

To 

grape 

To 

alfalfa 

To 

grape 

To 

alfalfa 

of total 
infected 

Carneocephala trigtiilata 

3/4- 

0/1 

3/7 

4/12 

42 

Ncoholla gothiea 

13/I(> 

3/5 

8/15 

4/21 

49 

N.conflnens 

7/7 

1/3 

4/6 

2/2 

78 

X, h( iroglyphiea . 

2/2 

0/0 

2/4 

1/4 

50 

Ciierna oceidentalis . 

9/10 

2/3 

3/3 

2/4 

76 

Pagaronia irinnala 

0/7 

0/3 

0/3 

3/10 

*13 

P. 13piniciata 

o/O 

0/0 

0/0 

1/3 

33 

P. fur cat a . 

9/35 

2/13 

5/25 

5/39 

19 

P, confusa 

2/23 

3/16 

3/14 

4/16 

14 

Friscanus friscanus ... 

0/0 

0/0 

3/3 

3/25 

21 


a The luimfrator indiratos the number of plants infected j the denominator indicates 
the iiuiiilx'r of plants inoculated. 

as judged by the longevity of the insects when caged on them. The species 
of the g(*nera Pagaronia and Friscanus, however, survived relatively poorly 
on grape or alfalfa, and with these species the percentage of transmission 
of virus, as sliowii in table 1, was usually low, ranging from 13 to 33. In 
the cases of P. friunaia which yielded but 3 infeciions of 23 tests and P. 13- 
punctata wdiich was tested only 3 times and caused only 1 infection it is 
evident that, if considered separately, the number of cases of infection is 
too low ordinarily to be aceei)table as proof of a species' ability to trans¬ 
mit a virus. These 2 sp(*eies are listed in this instance, however, because 2 
other species in the same genus ^’ielded a comparably low but consistent num¬ 
ber of infections over a miudi larger series of tests and it seems safe to 
assume that the same would hold true should P. tnnnata and P, 13-pnnctata 
be subjected to further testing. 

None of the 10 species listed in table 1 appears to be of any importance 
under field conditions in the spread of the virus to either alfalfa or grape¬ 
vines since they are only rarely found in vineyards or alfalfa fields. 
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PHYLOGENETIC RELATIONSHIP OF PIERCE’s DISEASE VECTORS 

Fourteen species of leaf hoppers in 7 f>:eiiera, listed earlier in this paper, 
have been shown to be capable of transmitting* the virus of Pierce’s disease. 
They are all contained in the leafhopper (lIomoptei*a-Picadellidae) sub¬ 
family Tettij:»‘oiiiellinae (2) (= Cicadelliiiac (6)= Ainblycephalinae (1)), 

members of which are commonly known as sharjishooters. 

Early in the search for a vector of the virus a valuable clue was })ro- 
vided in a vineyard in which insecd-electroeutin^ li"ht traps were being 
operated as described in a previous publication (5). Under certain of the 
traps very definite accumulations of disea^^ed vines had occurred (5, fig. 1) 
and under these same traps marked concentrations of i>o])uIations of Drac- 
enlacephala minerva and Carneocephala fulgida were noted. Other factors 
also served to strengthen the suspicion that either or both insects might be 
the virus carriei*. Subsequent tests proved both to be vectors. 

NeokoUa circdlata became strongly .suspeeded of being a vector l)(T*ause 
of its abundance on wild and cultivated grapevines in localities where 
Pierce’s disease was prevalent and neither of the known vtMdors, J)rat- 
culaccphala minerva or (^arncocephala falglda^ was present in sufficient 
numbers to satisfactorily account for th(‘ amount of disease. 

When Ncokolla circdluta was demon.strat<‘d to be a vector of I’ierce’s 
disease virus it becanm the third species belonging to tlie subfamily Tetti- 
goniellinae known to have the ability to transmit tin* virus, and the other 
species of the subramily were then suspeeded as ‘iiossible vectors. Con- 
se((uently an effort was made to t(‘st as many species as conveniently possible 
in order to explore* the possibility that the ability to transmit the virus 
might be common to all speedes of die subfamily. That the ability to ti*ans- 
mit the virus can definit(*ly b(* correlated with a phylogenetic relationship 
of the vectors within subramily limits is evidenced by the fact that every 
species of the subfamily TettigonieHinae thus far tested has tlie ability to 
transmit the virus. During the cour.se of tin* experim(‘nts more than 50 
species of leafhoppers contained in subfamilies other than Tettigoniellinae 
were tested and not one proved to be a vector. 

It is not imiilied that the ability to transmit the virus of Pierce’s disease 
is necessarily specific or limited only to species within tin* Tettigoniellinae. 
It is quite possil)Ie that sp(*cies in other subfamilies or families may have that 
ability. Nor is it implied that every species of the* Tettigoniellinae mu.st 
necessarily be a v(‘(dor, although the evid(*n(*e strongly suggests thut the 
ability to transmit the virus is a group (diaraxderistii* and each s])e(*ies should 
be suspected of the ability until proven otherwise. 

SUMMARY 

Ten additional species of leafhoppers are demonstrated to be vendors of 
the virus of Piercie’s disease of grapes. These arc Carneocephala triguitafa, 
NeokoUa goihica, N. C 07 ifluens, N. heiroglyphica, Ciurna occidentaUsy 
Pagaronia iriunafay P. Id-punctatay P. fureatay P, confusay and Friscanus 
f rise anus. 
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Non<» ol‘ the 10 species appears to be of any importanee under field con¬ 
ditions in the spread of the virus to alfalfa or j^rapevines. 

All 14 vectors of I*ieree’s-disease virus thus far demonstrated are con> 
tained in the leaf hopper subfamily Tettigoui(‘llinae of Avhi(‘h every s])e(‘ies 
thus far tested has transmitted the virus. Move than 50 species of leaf- 
hoppers contained in other subfamilies ^\ere tested and not one proved to 
be a vector. Th(‘ evidence indicates that the ability to transmit the virus 
can he correlated with a jxhylogeiietic relationship of the vectors within tlie 
Tettigoniellinae. 

Division of IiIntomoeooy, 

('ATiTFORNIA AoUICULTUHATi ExPEREMENT STATION, 

Deukki.ev, Faufornia. 
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EFFECT OF SOIL TEMPERATURE ON THE DEVELOPMENT OP 
RHIZOCTONIA ROOT CANKER OP ALFALFA^ 

OiiiVKR F. Smith 2 
(Accepted for publication April 10, 1946) 

It is well known that soil temperature influences the development of 
certain plant diseases caused by Rhizoctonia solani Kiihn. In some cases 
(1, 2, 3, and 8) the disease develops best at high soil temperatures; whereas, 
in other cases (4, 5, 6) it develops best atdow soil temperatures. In a pre* 
vious publication (7) it was noted that Khizoctonia root canker of alfalfa 
is seasonal in its development and is closely correlated with warm soil tem¬ 
peratures. Cankers develop most abundantly during June, July, August, 
and September when soil temperatures, at 3 inches below the surface, are 
above 20*" C., but no cankers develop during the winter months when soil 
temperatures, at this same depth, may be as low as 5® to 10° C. This sea¬ 
sonal development of the disease suggests that soil temperature is an impor¬ 
tant factor influencing its development. 

This paper reports results from expcndments to determine the influence 
of temperature on the growth of Rhizoctonia solani and the effect of soil 
temperature on the development of Rhizoctonia root canker of alfalfa. 

EFFECT OF TEMPERATURE ON (’iROWTlI OF THE ORGANISM 

The effect of temperature on growth of the organism was determined 
by growing the organism, in triplicate, in Petid dishes on potato-dextrose 

TABLE 1 .—’Number of eonl'crs r maiu tap root of alfalfa plants inoculated icith 
isolate 10£ of IMzoctonia solani from alfalfa and (jrawn at different soil iemf)eratur( s 
for 50 days 


No. of cankers per root after 50 days at soil teiriperatiires of: 


15 ^ a 20° c. 25 ■ a ao° c. .35° c. 40° c. 


0 13.3 21.3 29.4 6.1 0 


agar at constant temperatures of 5°, 10°, 15^, 20°, 25°, 30°, 35°, and 40° 
C.' A small aim)unt of mycelium was placed at the center of each dish and 
the diameters of the colonies determined at the end of 3 days (Fig. 1). 
The organism grew most rapidly at 25° and 30° C. No growth occurred 
at 5°, 10°, and 40° C. during the 3-day period. In another experiment, a 
small amount of growth occurred at 10° C. after 11 days. 

1 Cooporative investigations of the Division of Forage Crops and Diseases, Bureau of 
Plant Induslry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, IT. S. Department of Agiicnlture, and the Nevada Agricultural Experiment Station. 

2 Associate Pathologist, Division of Forage Crops and Diseases, IT. S. Department of 
-igriculture. 

s Relation of temperature to growth on potato-dextrose agar was determined by 
H. W. Johnson, Senior Pathologist, Division of Forage Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, U. S. Department of Agriculture. 
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EFFECT OF SOIL TEMPERATURE ON DISEASE DEVELOPMENT 

For determininff the effect of soil temperature ou disease development, 
4-mouths-old alfalfa plants growing in galvanized iron cans (25 plants 
per can) were inoculated with culture 102 of Rhizoctonia solani and main¬ 
tained at soil temperatures of 15°, 20°, 25°, 30°, 35°, and 40° C. for 50 
days. Soil temperatures were maintained by thermostatically controlled 
water baths. Inoeulaticui tec'hnique was the same as described elsewhere (7). 
At the end of 50 days the roots were removed from the soil and the numl>er 
of cankers on the main tap root was determined (Table 1). There were no 
root cankers at soil temperatures of 15° and 40° C. and an average of 29.4 



Fio. .1. ElF(*ct of temperature on growth of Rhizoctonia solani on potato-dextrose 
agar and of soil temperature ou the development of RIvizoetonia root cankers on alfalfa. 

cankers on each tap root at a soil temperature of 30° C. Figure 2 shows 
the degree of root canker development at the different soil temperatures. 
From the figure it appears there are small cankers on the roots grown at a 
soil temperature of 40° C. but control plants grown at this same soil tem¬ 
perature, and not inoculated, had small cankers similar to those on the 
inoculated plants and they are considered to be a result of the soil tem¬ 
perature being too warm for healthy alfalfa plant growth. That a soil 
temperature of 40° C. was too warm for the plants was also evidenced by 
short and unhealthy-appearing top growth of the alfalfa. 
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As previously stated, root cankers, as observed in the field, develop 
during the warm part of the season. At Bard, California, in fields cropped 



FiO. 2. Effect of soil tetiijn'rature on tlic rtevelopmcnt of Rliizoctonin root canker 
of alfalfa. Boots wore iiioculatcil with EhiBoctonUi xolani aiul grown at the soil tempera¬ 
tures indicated for 50 days. 

with alfalfa, the soil, at 3 inelies below the surface, does not warm to 20" C. 
before about the middle of April and cools below 20" C. about the middle 
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ot October 8) A During this period soil temperatures are above 20'^ C. 

and are favorable to disease development, as determined by controlled ex¬ 
periments (PMg. 1). Soil temperature is the main factoi* which influences 
the development of alfalfa Rhizoctonia root canker. 



Fig. 3. Mean weekly soil temperature 3 iiicluss below the surface at Bard, Cali¬ 
fornia, from May 7, 1944, to ^lay 5, 1945. 


SUAIMARY 

Optimiiin tem|)eraturc for growtli of Bhizoctonia solani on potato- 
ilextrose agar was about C. Optimum soil temperature for develop¬ 

ment of Rliizoctonia root canker of alfalfa was about 25-30® C. Very few 
cankers (hweloped at a soil temperature below 20° or above 35° C. in 
50 days. 

In the field, very few root cankers ii<‘velop before the soil warms to 
20° C. or liigher in tlie spring, and cankers cease to develop in the fall after 
the soil cools to approximately 20° C. or lower. 

Nevada Aokkutltural Experiment Station 
and 

Division of Forage Crops and Disiuses, 

U. S. Department of Agriculture. 

•< Records of soil temperatures at Bard, California, were supplied by E. G. Noble, 
Agronomist, Division of Irrigation Agriculture, Bureau of Plant Industry, Soils, and 
Agricultural Eugiueeriug, Agricultur.al Research Administration, U. S. Department of 
Agriculture. 



Phytopathology 


[VoL. 36 


642 


LITERATURE CITED 

1. Dickinson, L. S. The effect of air temperature on the pathogenicity of Bhboctonia 

solani parasitizing grasses on putting-green turf. Phvtopath. 20: 597-608. 
1930. 

2. Gratz, W. O. Wire stern of cabbage. Cornell Univ. Agric. Expt. Sta. Mom. 85. 

1925. 

3. Peltier, G. S. Parasitic Rhizoctonias in America. Ill. Agric. Expt, Sta. Bull. 189: 

279-390. 1916. 

4. Richards, B. L. Pathogenicity of Coriicium vaffum on the potato as affected by soil 

temperature. Jour. Agr. Res. [U.S.] 21: 459-482. 1921. 

5 -^ goil temperature as a factor affecting the pathogenicity of Corticiuin 

vagum on the pea and the bean. Jour. Agr. Res. [U.S. | 25: 431-450. 1923, 

6. Sanford, G. B. Studies of UMisoctonm solani Kiihn. TV. Effect of soil temperature 

and moisture on virulence. Can. Jour. R|;:S. 16: 203-213. 1938. 

7. Smith, O. P. Rhizoctonia root canker of alfalfa (Medicago sativa). Phytopath. 33: 

1081-1085. 1943. 

8. Wellman, F. L. Rhizoctonia bottom rot and head rot of cabbage. Jour, Agr. Res. 

[U.S.] 46: 461-469. 1932. 



A COMPARISON OP THE EXPERIMENTAL HOST RANGES OF 
TOBACCO-ETCH AND TOBACCO-MOSAIC VIRUSES 

Francis O. Holmes 
(Accepted for publication April 29, 1946) 

Tests of the experimental host ranges of tobaceo-etch virus (Marmor 
erodens 11.) and tobacco-inosaie virus (M, tabaci H.) have been conducted 
over several years. The present paper summarizes briefly what has been 
learned from them and records the behavior of all species of plants that were 
inoculated during the experiments. 

REVIEW OF LITERATURE 

Tobac(‘ 0 -etch and tobacco-mosaic viruses have been reported as infecting 
only a few’ plant species in nature. Nicotiana tahacum L., Lycoperaicon 
esculentum Mill., Capsicum friitescens L., Physalis heterophylla Nees, and 
Petunia hybrkla Vilni. (12) have been found infected with each of the two 
viruses. In addition, tobaceo-eteh virus (under the name of ‘Wirus of 
mosaic C”) lias been recovered from naturally infected plants of Datura 
stramotiitim L., its first re(?ognized host (4), and Physalis subglabrata 
iMackenzie and Bush (11); tobacco-mosaic virus has been recovered from 
naturally infected plants of Solanum carolinense L. (12). All of these 
s])ecies are of the family Solanaceac. A specialized strain of tobacco-mosaic 
virus Iflis been reported as infecting Plantago lanceolata h, and P. major L. 
in an additional family, the Plantaginaceae (9). 

ExperiiiKMital studies have demonstrated a much wider potential range 
of hosts for both viruses. It has long been known that the typical strain of 
tobacco-mosaic virus is able to infect a large proportion of all inoculated 
siiecies of solanaceous plants; indeed among many such species tested ex- 
})eriinenta]ly in the past only one, Physalis viscosa L., has been shown to 
be naturally immune (6). In this paper, evidence is presented that at least 
one other solanaceous species, Cyphomandra betacea Sendt. (See table 1), 
is immune from infection by rubbing inoculation, but it is evident that a 
great majority of solanaceous plants are susceptible to infection under 
appropriate circumstances. hVrnow’ (4) was the first to show experimen¬ 
tally that tobacco-mosaic virus might cause disease in a representative of 
another family; he described its effects in Martynia lomsiana Mill., of the 
Martyniaceae. I'rice (14) found some varieties of the common bean, 
Phaseolus vulgaris L., to be susceptible on inoculation and to be suitable 
substitutes for Nicotiana glutinosa L. of the Solanaceae in estimating con¬ 
centrations of this virus. Tliis added another, the Leguminosae, to the two 
families already knowm to include susceptible species. Grant (5) showed 
that potential hosts of this virus are in reality wddely scattered among 
herbaceous dicotyledons, reporting 29 susceptible species in 14 families other 
than the Solanaceae. In a subsequent study by the writer, the ability of 

m 
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plant species in many families to support hhe multiplication of tobacco- 
mosaic virus in their tissues, after its introduction by mechanical inocula¬ 
tion, was confirmed and this susceptibility was found to be correlated with 
taxonomic affiliations of the experimental hosts (7). One additional ex¬ 
tension of the experimental host rang:e of tobac(*o-mosaic virus lias been pro¬ 
vided by Severin (15), who found recently that guayule (Parthenium 
argentatum A. Gray of the family Gompositae) developed small necrotic 
areas at the site of inoculation ami supported a multiplication of virus 
locally. 

Not only does the experimental host r<uige of tobacco-mosaic virus far 
outrun the bounds of the 8olaiia(*eae, bid/that of tobax^co-etch virus also 
transcends those limits. In the (‘ourse of a previously reported investiga¬ 
tion (10), aimed at securing a host that ivould show conspicuous j)rimary 
lesions after inoculation with etch virus, many additional siiecies were found 
susceptible. These sfiei'ics were not, how(‘ver, specifically listed in the 
publication cited. In a brief abstract (11) it was re])orb*(l that all s])ecies 
found capable of supporting the increase of tobac'co-etch virus semned also 
capable of supporting increase of tobac'co-mosaic virus if iuoculat(Ml but that 
the (converse was not true. Gomplete data are given in the present paper. 

MATERIALS AXD METHODS 

The strain of tobacco-mosaic virus used for the tests recorded in this 
l)aper was the green-mottling, distorting strain ( var. vulgarc 11. ) that seems 
to be rather typical of tobacco-adapted isolates; the strain of tobac(*o-(*tch 
virus was that known as the scvere-etch strain (var. scrmnn 11. ), an isolate 
of remarkable constancy originally obtained from E. ]\1. Johnson, who first 
described it (12). This severe-etch strain represents a naturally- 0 ('curring 
variant of the virus originally reported as the ('ause of a dis(‘ase callcMl 
‘‘etched’’ bj^' Valleau and Johnson (17) and later relerred to as etch (12). 
Use of strains other than these two would have prodiu*ed additional sAunp- 
toms and otherwise modified the data liere presented but (*.ould not be in¬ 
cluded without greatly altering the scope of the investigation. 

Inoculum was preiiared differently for the two viruses be(*ause of dif¬ 
ferences in infectivity and stability. A once-frozen and thawed sample of 
a 1: oO aqueous dilution of juice expressed from diseased toba(rco plants was 
used as the tobacco-mosaic inoculum, to avoid retention of measurable 
amounts of virus on the surface of inoculated but not infected leaves. 
Fi'cshly expressed whole juice from tobacco jilants, usually obtained lO days 
after infetetion, Avas used for severe-etch imxailum, exeeiit in a fcAv eases in 
which similar undiluted juice expressed from infected plants of the species 
Nicotiaria glutiriosa was substituted for it. 

All inoculations were made by rubbing the upper surfaces of leaves 
Avith pads cf cheesecloth moistened Avith the above described inoeula. Addi¬ 
tional opportunity for entrance of virus Avas provided by 100 small pin 
punctures made through the moistened inoculated leaves to mark the areas 
of inoculation in each plant. 
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exuerimental results 

Evidence that the. two viruses used iii the present investigation are not 
closely related was obtained by observing their failure to protect against 
each other in suitable hosts. In figure 1, A is represented a leaf of Phy,alis 
permnam Mill., mottled as a result of systemic infection by tobacco-mosaic 
virus yet bearing necrotic iirimary lesions caused by subsequent inoculation 
of the affected leaf Avith severe-eteh virus; the necrotic lesions occurred both 



Fi(3. 1. A. Loaf of PhifsaJis peruviana, mottlod as a result of systemic infection by 
tobaccomosaic virus yet bearing iiuiuorous necrotic primary lesions as a result of subsc- 
opient inoculation with severe etch virus. Most of the necrotic lesions occurred in chlo¬ 
rotic areas of the leaf, because green areas of the mottUng ])attern were relatively small. 
B. Leaf of Xirotiana fflnlinom, similarly mottled as a result of systemic infection by 
severe etch virus yet liearing necrotic primary lesions as a result of subsetpient inoculation 
w'ith toliaccomosaic virus. (Photograjdi by J. A, Carlile.) 

in such greoii areas as were present and in the more extensive elilorotic areas 
of the mottled leaf. In figure 1, B is represented a leaf of Nicotiana glu- 
Umsa, mottled and distorted as a result of systemic infection by severe-etch 
virus, yet bearing necrotic primary lesions formed as a result of subsequent 
inoculation with tobaeeo-mosaic virus; here also the neerotic lesions 
occurred both iii the green blister-like areas and in the more extensive chlo¬ 
rotic areas of the mottled leaf. This failure of protection against formation 
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TABLE 1.— Results of inoculations made to compare experimental host ranges of 
tohacco-etch and tobacco-mosaic viruses 


Family and species 


Eesults of inoculation®* 


With tobacco-etch virus With tobacco-mosaic virus 


AlZOA(nOAE 

Mesembryanth emum cry- 

stallinum L. . 

M, Uneare Thunb.. 

Mollugo verticillata L. 

Teiragonia expansa Murr. 
Amaranthaceae 

Amaranthus tricolor L. . 

Celosia argentea L.. 

Gomphrena haageana 

Klotzsch . 

Balsaminaceae 

Impaticns balsamina L.. 

7. holstii Engler and Warb. 


0 

0 

1 

3 (L, V-CSp; S, Va-0) 


3 (L, V-CSp; S, Va-0) 

0 

0 

0 


Campanulaceae 

Campanula carpatlca Jacq. 0 

C. drabifoUa Sibth. and Sni. 2 

C. lactiflora Bieb. 0 

€, medium L. 0 

C. pyramidalis L. . 0 

C, rotnndifolia L. . 0 


1 

4 (L, V-0; S,V~CM) 

1 

3 (L, V~CSi>-Nyj S, Va-0) 

1 

4 (L,V-CSp;S,V-CSp-CM) 

0 


0 

3 (L, V-CSp-NRiCo; S, 
Va-0) 


0 

2 

0 

0 

0 

0 


a Numbers have tlic following significMTice: 

0, no increase of virus and no manifestation of disease (testt'd specii^s insusceptible). 

1, increase of virus locally luit neither systemic spread of virus, nor production of an 

obvious disease (tested species susceptible to localized masU(‘d disease). 

2, virus detected in loaves other than those originally inoculated but no production of 

obvious disease (tested species susceptible to systemic masked disease). 

3, local dis(?ase manifestations but no spread of vii'us ttested species susceptible to local 

ized but obvious disease). 


4, sy.stemic spread of virus and obvious mauife 
ble to systemic and obvious disease). 

*> Abbreviations used within cAplanatorv j 
significance: 

Ab, abscission 
Bl, black 
Br, brown 

C, chlorosis or chlorotic 
Ch, chlorophyll-reteiitjon patterms 
Co, concentric patterns 
Col, collapse 
1), death of plant 
Dif, diffu.se 

T)is, distortion or distorted 
E, etched patterns 
En, cnations 
Ex, extreme 

Fed, flower wilor deepened 
G, green or gr<^enish 

K, klondusic (often escaping infection) 

L, locally 
Le, leaf or leaves 

M, mottling 
Ma, masking 
Mv, mid vein 


stations of disease ( tested species suscepti- 
tarentheses in the table have the following 

X, necrosis or necrotic 

Xy, necrosis with surrounding yellowing 

O, no manifestation of disease observed 

l/c, [>ale center 

Be, petiole or petioles 

l^u, puckered 

R, red 

Ri, ring like spots 

S, system ical ly 

Se, segments of rings 
Sp, spots 
St, stem or stems 
St r, streak 
Stu, stunting 

V, virus recoverable 
Va, virus absent 
Vc, veinclearing 

W, white 
AVi, wilting 

Y, yellowing or yellow 
Yo, young 
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TABLE 1.— (Continued) 

Family and specieH 

Results of inofMilationa, b 




With tobacco-etch virus 

With tobacco mosaic virus 

Oapparidaceae 



Cleome spinosa L.. 

Polanisia trachysperma 

0 

1 

Torr. and Grav 
Caricaceae 

0 

2 

Carica papaipi L. 

OaRYOP HYLLA CEAE 

0 

3 (L,V-CSp; S,Va-0) 

JHanthvs harhaius L. 

0 

0 

T). chinnisis L.. 

0 

0 

Gypsophila eUgans Bi(d), 
Lych nis rorli rom ( L.) 

1 

1 

Dear. . 

0 

1 

Silenc anqlica L... 

4 (h, V-NJJi; S, V-NRi-E) 

1 

*S'. pvndula L.. 

0 

1 

Stfdlaria imdia (L.) Cyrill. 
CHENOI’ODIACEAE 

0 

1 

Beta vnlgariH L. . 

0 

3 (L, V-eSpBEi; 8, Va-0) 

Chenopodinm album L. . 

0 

3 (L, V-eSp-RNSp; S, 
Ya-0) 

C* ambrosloides L. . 

0 

3 (L,V-CSi)-NSp;S,Va-0) 
3 (L, V-eSp; 8, Va-0) 

C. qlaucu w L. . 

(» 

(■. rub rum. L. . 

0 

3 (L, V-eSp-LeAb; 8, 
Va-0) 

Kochia scoparia Schrad. 

0 

1 

Spinacia oleracea L. . 

COMPOSITAE 

0 

1 

Ageratum conyzmdes h. 

0 

0 

Ambrosia trifida L. 

0 

1 

Arctium lappa Ij. 

0 

1 

Beilis pcrennis L. . 

0 

3 (L, Y-eSp; S,Ya-0) 

Bidens frondosa Tj. 
Brarhyeome. iberidifolia 

0 

1 

BenUi. 

4 (L, Va-O; S, Y -CM) 

2 

Calendula officinalis L.. 

0 

3 (L,AM7Sp; S, Ya-0) 

CalUstcphiis chim ufiis \cos 

;i (L. A-P,rNRi; S, A'a-0) 

1 

Ccnlaurva amcricana Nutt. 

0 

:i 

<7. montana L. . 

0 

1 

C, moschata 1.. . 

U 

0 

Charii is heieraphylla Cass. 
Chrysan the mu m I ncan th c- 

1 (L, V-0; S, Y-eSp) 

1 

m um L, . 

0 

0 

Cichorinm cjidiria \j. 

0 

3 (li, Y-CCoRi; S, Ya-0) 

Coreopsis (frandiflora Nutt. 

0 

3 (l4. Y-eSp; S,Ya,~0) 

Dahlia pinnata. Cav, 
Dbnorphoth eca auran iiaca 

0 

0 

DC. 

4 (L, Y-BrNSp; S, Y- 
BrNSp-CM-NStStr) 

2 

Brnilia flanimea Cass, 

0 

4 (L,A^-0; S,V~CM-CSp) 

Brigeron annuus (L.) Pers, 

0 

1 

B. speciosus IK'*. 

K npa t or in m lassea nxii 

0 

0 

Carr. . 

1 

1 

Gaillardia aristato Piirsli 

0 

0 

Galinsoga parviflora Cav. 
Gamolepis iagetes DC. 
nelianthus a^inirus L. 

0 

o 

:i (L, Y-NRi: S, Ya-0) 

1 

1 

1 

JI, tuberosus L.. 

7 /elichrysiirn bractcatum 

0 

0 

Audr. . 

0 

3 (A"-CSp; S, Ya-0) 
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Eesiilts of inoculatioji/^- 

FiJiiiily and species 



With tobacco-etch virus 

With tobacco-mosaic virus 

llcliopsls scabra Dun. 

0 

0 

Hdiptcrnm humboltianim 
DC.. 

1 

1 

Lcpiosyn r mari tima 

(Hook, f.) A. Gray . 

0 

1 

Budbt‘(‘lia hirta L. . 

0 

:> ( L, V -C8p; H, V'a-O) 

Sanvil a lia proc n m b cn s 

Tiain. . 


1 

Solidaoo ruoosa Mill.. 

0 f 

0 

Tagetcs evccta L. 

0 

2 

T. patula L. 

0 

1 

T. .HUf iuila Hartl.. 

0 

1 

Taraxacum offirinaU; Weber 

0 

0 

Thclesprrma. hybridum 

Yos.s . 

0 

0 

Zinnia elcyans .Jaeq. 

4 (L, V-0; S, V-(LM ) 

1 

Z. haageana Eegel . 

0 


Convolvula(M-:ae 

Calonyction aculeaturn 
II 0 U.S 0 . 

0 

1 

Ipotnoca batatas Lam. . 

0 

0 

y. nil Both . 

0 

1 

I. sctosa Ker . 

0 

0 

1. tricolor C^.av. . 

0 

1 

Chuciff.rae 

Barharca vulgaris E. Hr. . 

0 

II 

Brass lea napobrassica Mill. 

0 

1 

B. olcracca L. . 

0 

II 

B. pekmensis Enpr.. 

0 

1.1 

CapscUa bursa-pastor is 
(L.) Medic. 

0 

1 

Cheiranthus alUonii Hurt. 

0 

:i 

C. cheiri L. 

0 

1 

Thcris gibraltarica L.. 

(» 

1 

I. sonpervirens Tj. . 

0 

(1 

/. umbcTlata L. . 

0 

1 

Lohularia mariUma |)esv. 

0 

1 

T/unaria annua L. . 

0 

4 (' I\"-0 ; S, V“LeDis) or 2 

Mathilda bicornis DC. . 

0 

1 

M. incana E. i»r. . 

0 

0 

Baphanus raphanisirwm L. 

0 

(1 

li. sativus L. . 

0 

0 

Gkraniackae 

(rcraoiium caroUnianum L. 

0 

1 

Bfdnrgonium. hortoruvi 
Bailev 

0 

0 

P. (uloralissimnm Ait. . 

0 

0 

(iESNERlAOEAE 

Saintpaulia ionaniha 

Wendl. .'. 

0 

0 

Sinn ingia speciosa Beiitli. 
and Hook. . 

0 

1 

H YDHOI’HVraiACEAF 

E rnvirn an i he pend u li flora 
Death. .. 

4 (L, V-BrNSp; S. V~ 

2 

E emophila insignis Bentli. 

BrNSp-D) 

1 

1 

X, maeulata Benth. 

1 

3 (L, V-BrN8pRi; S,Va-0) 
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T ABLE 1.—( Continued ) 


Eosiilts of iiiociilationa* 

Family and spocics --—----- 

With toV>a(*co-(4cli virus With tobacco mosaic virus 


PhaerUa eampaniilaria 

Gray . 

P, cilia f a Benth. .. 

P. prandiflora (Benth.) 

Gray . 

P. viscida (Benth.) Torr... 

P. whit la via Gray 
J.ABIATAK 

Colcufi hlumei Benth. 
Larnium ainpUxicaule Ij. . 
Lycopuft rubdlHS Moeiudi . 

Marrubiinn vulpare L. . 

Melissa o fflcinalis L.. 

Mentha spicata L. . 

y<peta cataria L. 
y. hrdcracca (L. i Trov. 

.V. 'mussini 8]>re^^^ 
Prunella r id (f a vis L. 

Salvia aznrea I jam. 

S. farinacea Btuilli. . 

S. patens Gav. 

>S'. splendens Ker. 

l.KUrMINOSAE 

Jhdichos I aid a b L. 

Glycint nia.v (L.) Merr. 

L i n s t sc IIIe n t a M < »e ncli 
Lupin us hartwi (fH Lindl. 
Midi capo saliva L, 
Phasridus coccinrns Tv. 

P. annus l?(>xb. 

P. linirnsis Ma(*f. 

P, vulparis T>. (aecerdiiij; 

to variety) 

Pis inn sativum I v. 
Trifolium incur uni um L. 

T. prntense Ij. . 

7'. n pens L. 

Vida faba L. 

1'. satira Tv, 

Vii/na sinensis (Tv.) End!. 
L.ohkIv1Aii<:ak 

Lobelia erinus Tv. . 

L. pracilis Andr. 

7v. in flata Tv. 

L, lenuior K. Br.. 

MAKTVNIACEAE 

Proboscidea loumana 
(Mill.) Woot. and Stand. 
XOLANACTAE 

Xolana lanccolafa !Mier.s 

Bai*avf.raoeae 

Chelidonium niajus I., 
llunnemannia fimariae- 
folia Sweet 
Pa paver nudicaule L. 

P. oricniale Tv.. 


4 (L, V-0; S, V-V(-CM) 


4 (L, V-eSp: 8,V-CM~Ma) 
4 (Iv, V~0; 8, 

NStStr) 

4 (L, Va-0; 8, V-XSe ) 

0 

4 (L, V-0: 8. V-O^I-Ma) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

() 

(I 

0 

0 

1) 

0 

0 

0 

0 

0 

0 

0 


0 

4 (L, Y-0; 8, V-DifCM) 

4 (L, V-0; 8, V-CM ) 

4 (L, y-0; 8, V-C-Wi-N) 


I (Tv,T~0; 8, V-Yc-CM) 

4 (L, Y-O; 8, A^-CYc-X- 
Stu-CM-Dis-LePiO 

0 

0 

0 

0 


4 (L, V-O; 8, V-eSp) 

2 

4 (L, A^-O; 8, V-CVc-CM) 

4 (L, Y~0; 8, V-CM) 

4 (L,A’'-0; 8, V-CM) 

1 

2 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

3 ( Iv, A^'-RNSp; 8, Va-0) or 0 
0 
0 
0 
0 
0 
0 
0 

1 

1 

1 

1 


4 (L, V-O; 8, V-CM) 
4 (L, V-O; 8, V-CM) 


r> (L,A-DifC; S,A’^a-0) 
0 

3 (L,A^-C-N; S,A^a-0) 
0 
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TABLE 1.— (Continued) 


Family and species 


Results of inoculation®- *> 


With tobacco-etch virus With tobacco-mosaic virus 


Phytolaccaceae 

Phytolacca dccandra L.. 

Plantaginaceae 

Plantago lanceolata L. 

P. major L. . 

P. rugelii Dene. . 

Polemoniaceae 

Cohaea scandens Cav. 

(rilia capilata Dougl. 

G, Unifiora Benth.. 

Phlox driimmondii Hook. . 

PORTULACACEAE 

Portulaca olcracea L. 

Primulaceae 

Anagallis arvensis L.. 

Primula malacoidcs 

Franch.. 

P. ohconica Hance. 

SCROPHULARIACEAE 

Antirrhinum majus L.. 

CoUinsia hicolor Benth. 

Cymbalaria muralis 
Gaertn., Mey. and Scherb. 

IHgitalis purpurea L. 

Linaria maroccana Hook.f. 

L. vulgaris Hill. 

Mimulus moschatus Dougl. 

M. tigrinus Hort. . 

Nemesia strumosa Benth. .. 
Pensiemon grandiflorus 

Nutt. 

Torenia fournieri Lind. 

Verhascum phocMicciim L. 

Veronica longifolia L. 

V. officinalis L. . 

V.peregrina L. . 

Zalusianslcya villosa 
Schmidt . 

SOLANACE.\E 

Browallia americana L.. 

P. spcciosa Hook. . 


Capsicum fruicscens Ij . 


0 


0 

0 

0 


0 

0 


a (L, V-LcWiAb; S, Va-0) 
0 


0 

0 

a (L, \-CSp; S, Va~0) 

1 

0 

o 

0 

0 

0 

0 


1 

0 

0 

0 

0 

4 (L, V-eSp; S, V-0 ) 

0 

4 (L, V~0; S, V-CM-Stu) 


4 (L,V~0; S, y-CM; 


3 (L, V-CRi-'RRi; S, Va-O) 
1 

3 (L,V-NBiRi; S,Va-0) 
a (L, V-eSp; S,ya-0) 

0 

1 

2 

4 (L, V~CSi)~CCoRi; S, V- 

esp) 

1 


1 

1 

:i 

1 

4 (L, V~0; S, V-CM) 
1 

4 ( L, V-NSe; S, V-0) 
1 
1 
1 
1 
f> 


1 

2 

1 

1 

1 

1 

o 


a (L, V-CSi)-CRi-Ch; S, 
Va-O) 

4 (L, V-eSp; S, V-C-CM) 
or 3 (h, V-BrNSpPc-LeAb; 
S, Va-O) 

4 (L,V~GSp-Ch; S,V-C> 
Stu-CM-Ch) 

or 4 (L, V-eSp-NSp-LeAb; 

S, V-eSp-NSp) 
or 3 (L, V-NSp-I.eAb; S, 
Va-O) 

ora (L,V-CSp-NSp-LeAb; 
S, Va-O) 

0 

3 (L, BrNSpPe; S, Va-O ) 

3 (L, V-DifCSp; S, Va-O) 

4 (L, V~0; 8, V-CM-K) 


Cypho mandra 7: etacca 

Sendt.. 0 

Datura stramonium T.. 4 (L, V-O; S, V-CM-Dis) 

Lycium chinense Mill. 3 (L, V-DifCSp or BrNSp: 

S, Va-O) 

0 


Lycopersicon chilense Dun. 
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Results of inoculation*• 


Family and species 


L, esoulentuin Mill. 

L. hirsutum Dun. . 

L^peruvianum (L.) Mill... 
X. pimpinellifolium 

(Jusl.) Mill. . 

Nicandra physalodes (Ij.) 
Pers. . 


Nicoiiana acuminata 
(Grah.) Hook.. 


N.alata Link and Otto 

N, hujelovii S. Wats. 

N. bonaru'Ttsis Leliin. 

N, caudu/cra Phil. 

.V. clevelandii A . Gray 

N. digluta Clausiui and 
Good speed 

N. (jlanca Grah. 


A. glutinosa L. 


.Y. langsdvrffii Weinii). 

A', longiflora Cav. 

X. nudicanlis S. Wats. 

Ai. otophora Grisch. 

A', palmvri A. Gray 

S\ pariiculaUi L. 

X. plimboginifoJia Viv. 

N. raimondii Alaehrido 

N, rcpanda Willd. 

N. rustica L. 

N. sanderac Hort. 

N, solanifoUa Walp. 

N. sylvestris Spegaz. and 
Comes 

N, tabacum L. 


With tobacco-eteh virus 


4 (L,V-0;S,V-CM) 

2 

4 (L, V- 0 ; S,VcSp) 

4 (L, V-0; S,V~CM) 

4 (L, V-0 ; S, V-CM~CSp) 


4 (Ti, V-C; 8, V-CVc-C- 
Stu~( ’M ) 

4 ( L, \'-0; 8, V-A"(*-CM-E) 

4 ( L, V-0; 8, V-(>Pu-8tii- 
I.eDis-CM') 

4 (L, V-DifCSp; S, V-CVc- 
bifOBp) 

4 (L, A'-Y-N; S, V-CM- 
Stu) 

4 (L,V-0; S, A"-Stu-Cn'c- 
CAl-E) 

4 ( f.,V-0; S, V-A^e-CM- 
bis ) 

1 


4 (L, A^-CSp ; 8, A^-CM-E ) 


4 (L, V-0; S, A-Vc-GCM) 

4 (U V-0; S, V-Ve-GCM) 

4 (L, A-0; 8, A^'-CM-Dis) 

0 

0 

4 (L, V-C8p; 8, A-CRi) 

4 (L, V-0; 8, Y-CVc~CM) 

0 

•t (L, V’-CSp or NSe; S, V- 
OM-CSp) 

4 (L,V-0; S, V-Vc-CM- 
I.>is) 

I (L,V-I)ifGSp; S, V- 
OVcE-CM) 

4 (L, V-O; S, A’-CSp) 

4 (L, V-O; 8, V-CM) 

4 (L, V-C8pE; 8, V-CM-E) 


With tobacco-mosaic virus 


4 (L,V->0; S,V-CM-Dis) 

2 

1 

4 (L,V-0; S,A^-CM) or 2 

4 (L, V-O or CSp or Ch; 8, 
V-CSp or Ch or CM- 
Fcd) 

4 (L, A"-BrNSp; 8, V-N- 
StStr) 

or 3 (L,V-BrNSp; S,Va-0) 
4 (L, V-BlBrNSpPc; 8, V-N 
or L, V-C8p; S, V-CM) 
4 (L,V-C8p or O; 8, V-O 
8tu-CM or D) 

4 (L, V-CSp;S,AMWc- 
OM-Dis) 

4 (L, V-CNSp; 8, V-C-Pii- 
8tu-0M~Dia) 

4 (L, V-C; 8,A^-YoLePu- 
C^-CM) 

(L, V-BrNSpPc; 8, A^a-0) 

4 (L,V-C8porO;S,V-CM) 
01-3 (L,V-CSp;S,Va-0) 
or 2 or 1 

4 (L, V-BrNSpPc; 8, 
V-NSp) 

01-3 (L,Y-BrNSpPc; 8, 
Va-0) 

4 (L, A^-BlN8pPc; 8, A-X- 
8tStr) 

4 (L, V-0; 8, A"-Stu-CA1- 
Dis) 

4 (L, V-C8p; 8, A^-C-Stu ) 

4 (L,A^-0; 8, V-CM-8tu) 

4 (L, V-C; 8, V-CVc- 
LcYPu-CM) 

4 (L,A"-CSp; 8, V-CA>- 
CM-Eii) 

4 (L,A'-0; 8,V-(Wc-C~ 
CM-Dis) 

4 (L, V-0; 8, A-CSp-CAl) 
or 2 

4 (L, V-BrXSpPc; 8, A- 
N-D) 

4 (L,AM4rNSpPc-Ny; 8, 
A"-XSp) 

4 (L, A"-BlNSpPc; 8, V-X 
or L, V-CSp; S,V-CA1) 
4 (L, V-0; 8, V-CM) 

4 (^A'-O; 8, V-CM) 

4 (L,A^-CSp; 8, V-CA'cPu- 
CM-Dis) 
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TABLE 1.—(Concluded) 


Results of inoculation**- ^ 

Family and species-----———- 

With tobacco-etch virus With tobacco-mosaic virus 


N, Umentosa Ruiz and 
Pav. . 

X, toiiK n tosiforniis Good- 
speed . 

N. Irigonophylla Dun. 

.Y. undulafa Ruiz and 
Pavon . 


X, wUianxlioides Koch and 

Fint . 

XIfremhergia hippomanica 

Micrs . 

Tetania hyhrida Vilm.. 

Pfiysalis Qll'el'engi L. 

P. angulata L.. 

T. peruviana h. . 


P. suhglabrata Mackenzie 

and Bush . 

Salpiglossis sinvata Ruiz 
and Pavon. 

ch iz'on 1 h us pinnat us Ruiz 
and Pavon . 

Solan u ni capslcastnim Link 

S. d idea mar ah. . 

S. int< grifoliunL Poir . 

S. melon gen a L. 


S. nigrum L. . 

S. saniiivongsfi Craib . 

S. tuber os am L. 

XT ArBELLI FERAE 

Apinm graveolcns L. . 

T)aucus carota L. 

Tasiinaca sativa L. . 

Petroselin n m hoi tense 

Hoffm. 

Trachymcne caervlea R. 

Grail.. 

Verbena ceae ^ 

Lantana camara L. 
Verbena canadensis Britt. 
V. liybrida Voss. 


4 (L,V-0; S, V-eSp) 


0 

4 (L, V-0 : S, V-CM) 

r 

4 CL, V-C-LcOol; S, V-Stu- 
(-CM-LeCol-D) 


() 

1 

4 cL, V-0; S, V-CM-Dis) 

1 

4 (L, X -X Sp ; ►S, V-CM-Dis) 

4 ( I., V-BiXSpPc; S, V- 
XSp~-Wi~.LeAl>-(’M 
nr T> ; 


4 . L. V-eSp: 8. V-E\Stu- 
J.h1*u-CM; 

4 (L. V-0: 8, V-C-X- 
T<*Le<';ol; 

1 

<1 

1 

1 


4 ; L. X-O : S. Y-CM) 

4 iL. y-0 : S. Y-CM; 

0 

0 

0 

0 

0 

0 

0 


4 (L,V-C8pj S, V-eSp- 
CM-Dis-En) 

4 (L, V-eSp; S, V-CM- 
eSp-En) 

4 (L, V-OSp-Ch; S,V-CVc- 
C-CM-Dis-Stu) 

4 (L, V-NSp; S, V-N or L, 
V-C ; S, V-OVc-OM- 
Dis-Stu) 

1 

4 (L, V-0; S, V-OM-Dis) 

4 (L,V-0; S, V-C-CM) 

4 (L, V-0; S, V-CM) or 2 
4 (L, V-WNRi-LeAb; S, 
V-N-LcAb) 

4 (L, V-0; 8, V-CM) 


o 


4 (L, V-C-N; 8, V-Cr- 
N.8tStr-D) 

4 (L, V-XSj>-Po8t8tr; 8, 
V-Stu-Wi-N-NSt-I)) 
a (L, V-BrN8p; 8, Va-0 ) 

1 

4 (L, V-BrN8p-StN; 8, V~ 
BrX8|>“PeN8tr) 

4 CL, V-eSp; 8, V-CM) 
or 4 (L, V-BrN8p; 8, V-X- 
Stl>eMvNStr~l)) 
or (L,V-BrXSp; 8,Va-0) 
4 (L, V-O; 8, V~GCM) 

4 (L, V-O; 8, V-Ch) or 2 
4 (L, V-N ; 8, V-N) 

1 

1 

0 

1 

0 

0 

1 

3 (L, V-C8p or NSc; 8, 
Va-O) 


V.venosa Gill, and Hook. 


() 


0 
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of necrotic priinnry Irsious b\' one in areas already systemically in¬ 

volved in patterns of chlorotic mottling by the other would be expected from 
our knowledge of other dissimilarities between the two viruses but has not 
been st>ecifically demonstrated heretofore. 

In table 1 and in the text immediately following this paragraph, species 
names of plants tor which complete data with respect to susceptibility to 
infection by both tol>acco-etch and tf>ba(*co-mosaic viruses became available 
during the course of the study have been arranged alphabetically by 
families. Insusceptibility to either virus is indicated in the appropriate 
column of the table by the symbol 0, susceptibility by numbers 1 to 4, in¬ 
dicating different grades of disease as explained in a footnote to the table; 
details of recovery of virus and of manifestations of disease at the site of 
inoculation and in the growing tops of inoculated plants are described paren¬ 
thetically where needed, by a set of symbols patterned on those of Grant 
(5) and Wellman (IS). These symbols in pareiitheses, explained in a 
s(M*ond footnote of the table, are used primarily for brevity but permit also 
an ade(iuacy of detail that should facilitate .selection of appropriate hosts 
for specihed rea(*tions desired in experimental work. Reisolation after 10 
days of any etch virus or of enough tobacco-mosaic virus to produce at least 
10 lesions oti an inoculated ]>lant of yicotiarw gltiUnosa forms the basis for 
indication of virus reeoverv* in the table. Experience has shown that such 
criteria are, in genera), appi opriate for distinguishing potentially suscepti¬ 
ble fi’om insusce])tible s}>ecies. It is to be understood, of course, that a 
s])C(*ies apj)earing insusee])tible might be infected eventually if attempts to 
inoculate it me('hani(‘ally were continued or if grafting or other additional 
m(*ans of inoculation wei-e used, but it is not known that this actually would 
0 ('(*ur. Ol)viously, too, a species found potentially susceptible, as shown by 
experimental infr*ction after nieehanieal inoculation, may or may not or¬ 
dinarily become infected in nature. 

Families in which all tested s])ccics were found insusceptible to infection 
by both tobacco-etch and tol>acco-mosaic viruses were the following [the 
tested species are also indicated ) : AcAXTHArEAK—:Z’/t alata Bojer: 
Amara'Llidaceai: —Hippiastruni puniceiini T rban ; Apocynaceae —T inca 
rosea \a.; Akaceae — SipnplocarpKs foefidus (1j.) Nutt.; Asclepiadaceae — 
Asdepias cnrassarica L., A. siiriara L.; BEOOK^AVEAE—Bcgoma semper- 
florens Link and Otto; (TurinuTACEAE —Cifriilhis vulgaris Schrad., Cu- 
cumis saiirns I.., 0. melo 1.., Cueurhita maxima Dnehesne, C. pepo L., 
IjUffa acutaugula Roxb., l\Jomord\ea charaiiiia L.; IIiPSArEAE Scabiosa 
atropurpurea L., N. caueasico Biel).; EupiioRBiACEAE---vlca/ 2 /p/itf virgimea 
L., Enphorhia heterophijUd L., E, marginafa Pursli, E. preslii Guss,, Bieinns 
communis L.; Gramineae— Arena saiiva L., Holcus sudanensis (Stapf ) 
Bailev, IJordcum vulgare L., Secale cereale- L., Triticum acstvvum L., Aea 
maysli • Hypericace.\e— JJypertcnm horeale (Britton) Bicknell; Liliaceae 
_ Allium ccpalij .,1 Ijdmm phdtppfnense Baker ; Linaclal Ijinum flaium L., 
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Z. graridiflorum Desf., L. perenne Tj. ; Malvageae— Althaea rosea Cav., 
Oossypium hirsutmn L., Ilibificus esciilentus L., H, nianihot L., Lavatera 
trimestris L,, Malope triflda Cav., 31alva rotundifolia L. ; Nyctaginaceae— 
Mirahilis jahipa L.; Onagkaceae— Clarkia elegans Dougl., Oenothera 
lamarckiana Ser. ; Oxalidaceae— Oxalis cornicidata L., 0. stricta L.; 
Eanunculaceae —Aquilegin caernlea James, Delphinium cidtorum Voss, 
Banunculus asiaticus L.; Resedaceae— Reseda odorata Ij.; Rosaceae— 
Genm eanadense Ja(j(|., (1. chiloense Ralb., Poteniilla arguta Pursh, J\ 
monspeliensis L., Rosa odoraia Sweet; Violaceae— Viola arrensis Murr. 

Families in Avliieh all tested species were foi^nd insusceptible to tobacco- 
etch virus and in which all tested species showed increase of tobacco-mosaic 
virus locally but neither systemic spread of virus nor production of an 
obvious disease were the followinj^ (the tested species are also indicated) : 
P>iGNONiACEAE — Incarvillea im'iabilis Batalin; ]R)raoinaceae — Anchusa 
aznrca Mill., ^1. capensis Thunb., Cynoglossum amabile Stapf and Drum- 
inond, EcMuyn vvlgare L., Ileliolropium corymbosum Ruiz and I^iv., My- 
osotis scorpioides B.. sylvatica itoffm.; Cuassulaceae — Kalanchoe 
daigreniontiana llamet and Perrier; Ft\\i aiuacucae- vld/i/m/a fungosa 
Greene; Plumbaginac eae — Limonium bonduelli (Lest. ) Kuntzc, L, sinua- 
ium (L.) Mill.; 1V)LYgoxaci:ae — Fagopyrum esculentum Gaertn., Foly- 
gonum hydropiper L., Rumex c'rispus L., R, obtusifolius L.; Tropaeolaceak 
—Tropaeolum majus L. 

It will be observed, by references to the dip:its in the body of table 1, 
that in no instance did a plant show evidtmce of infection and virus multi¬ 
plication (numbers 1 to 4) by reason of ine(‘hanical inoculation with tobacco- 
etch virus and failure (indicated by 0) to become infected when similarly 
inoculated with tobacco-mosaic virus. However, tlie grades of disease were 
not so clearly ('orrelated, one virus sometimes outrunning tlie other in mov¬ 
ing throughout the i)lant (as shown by combinations of grade-of-diseas(‘ 
numbers such as 1-4, 4-1 ) or outdoing the other in injury to invaded tissues 
(1 3-1). WhatcN er one's estimat(‘ of the practi(‘al im{)ortance of masked 

carriers as viius reservoirs, a further importance attaches to them from a 
theoretical viewpoint. lb*esumably mask(‘d (carriers of a virus, equally with 
obviously diseased plants, reflect at least the minimal biologicuil require- 
rnejits for increase of the virus within its host, it is true that severity of 
disease has been considered by Leach (13) to influence insect vectors in their 
transmission of viruses from diseased to healthy plants. Thus the per¬ 
petuation of viruses in nature may be dependent in some measure on degree 
of severity of^disease manifestations. Yet plants obviously affected by dis¬ 
ease after infection together with those in which virus nnilti])lies but in 
which efrecls on the plant are so slight as to be ovtvrlooked on casual ex¬ 
amination must be collectively recognized as defining, for tlu^oretical pur¬ 
poses. the distribution in nature of materials and conditions essential for 
viral increase. 

Reference to figure 2 will show that the experimental host range of etcli 
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virus is centered about a part of the plant kingdom near the Solauaceae, 
much as is that of the mosaic virus; further, that it is narrower than, and 
enclosed within, that of the mosaic virus as lias been noted in discussing 
table 1. Although all known naturally infected hosts of etch virus are 
members of the Solanaceae, it must be noted that the Hydropliyllaceae as a 
group ate notable for susceiitibility so far as tested experimentally. Wide- 
siiread cultivation of solanaceous plants perhaps has been the decisive factor 
in drawing our attention to etch disease, but the causative virus long may 
have utilized wild species in the Solanaceae and in other families as hosts, 
and infections in nature may yet be found in hydrophyllaceous species or 
ill (‘losely related ^rovijis. 



FlO. ii. Taxonoinit'. vvlationships of plants siiai*eptil>k* to infootion Irv tobacco-etcli 
and tobaccomosaic yinisos. Sitocics tested by inoculation arc indicated by’circles; black 
circles iinlicate spt'cies found susce|itible to both viruses; wliite circles, to neither virus; 
half Idack circles, to tobacco mosaic, but not to tobacco-etch virus; no species was found 
susceptible to tobacco etch virus yet not to tobacci‘mosaic virus. 

Fij^ure 2 eiii])hasizes tlie fnet that tin* experimental host ranges of tobaeeo- 
eteh virus and of tobai't'o-niosaie virus are on the 'whole familial in eharaeter 
and ttnid to involve large blocks of species in closely related families, ex- 
eei)tional instances of resistaiu'e within these blocks being few, exceptional 
instances of susecjitibility in otlier families being likewise few. Arrange¬ 
ment of families in the diagram is like that in diagrams used in an earlier 
paper (7) dealing witli experimental hosts of tobaeeo-mosaie virus alone. 

In table 2 there is a brief summary of the ineidenee of various types of 
response among the tested species. From this tahnlation may be derived 
thrtH? generalizations other than the principal one that species incapable of 
supjiorting tlie incrt^asi* of tobacco-mosaic virus proved incapable also of 
supporting the increase of tobacco-etch virus. These are; Species that 
showed systemic symptoms (Class 4) with mosaic virus mostly showed sys¬ 
temic syinjitoms etcdi virus also; the reason for tins is not evident, but 
the converse was tme as well, for species that sliowed systemic symptom*^ 
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with etch vinis inostly slunved sYstemie syinptoins Avith the mosaic virus as 
well. Species that did not take etch Init did take mosaie tended to take 
mosaic mildly; why should this have been.' Finally, species that took 
mosaic mildly mostly did not take etch. 

Inspection of the classes of response (0 to 4) listed in table 1 and accom¬ 
panying text suggests that for both viruses natural immunity must be con¬ 
sidered the commonest of the five arbitrarily defined conditions of her- 
jjaeeous plants in general. For toba(‘eO‘mosaic virus, the other four types 
of response in order of frequency Avere 1, 4, M, 2, tlie largest number of 
susceptible plants localizing virus Avithout obvicSis disease manifestations. 
For tobacco-etch virus, liOAvever, the order of frequency was 4, 1, 2, 3, most 
snseeptible plants permitting systemic spread of virus and clearly showing 
disease. If the production of obA'ious systemic disease had been regarded 

TABLE iJ.— Number of apecies afj'rcitd bp different tjrades of diaease after testing 
separately with iohacco-vich and tobneeo-mamie Inoenlallons 


Grades of disonsea 

0 

(etch) 

1 

(etch 

(etch) 

O 

O 

(/'fch) 

4 

(etch) 

0 

(mosaic) 

in 

0 

0 

0 

0 

1 

(^mosaic) 

80 


o 

o 

o 

7 

2 

(mosaic) 

5 

1 

4 

0 

5 

3 

(mosaic) 

20 


1 

o 

o 

4 

(mosaic) 

11 

5 

0 

o 

39h 


Symt)ols 0 through 4 tor arbitrary grad«*s of <liscase as in tai)le 1. 

In a tow iiistauees plauts of a given specie.s have reacted at times with one grade of 
disease, but at other times more severely: the more severe grade is entered in this table 
for each such case. 

as the only criterion of infection, it Avould haAC been concluded that the 
tAvo Airuses affected about equal numbers of the species inoculated (53 for 
severe-etch virus; 57 for tobacco-mo.saic Aurus). Actually, however, this 
is far from the case Avhen the more tolerant and the moA^ement-restraining 
hosts are also recognized, 73 per cent of tested species proAung naturally 
immune on inoculation Avitli etch Auriis, oidy 36 per (.rent on inoculation with 
toba (‘(‘o-mosaic Aurus. 

Altogether, among tlu! 310 species for Avhich comparative data have been 
obtained, 83 proved susceptible to infection by both A’iruses, 116 to infection 
by tobacco-mosaic and not toba(*co-eteli virus, none to infection by tobacco- 
etch and not tolnKtco-mosaic virus. 111 to infection by neither virus. 

DIStlTSSION 

On the basis of tlie present results, it seems feasible to predict that 
species susceptible to infection by strains of etch virus Avill usually, perhax)s 
ahvays, prove susceptible to infection by strains of tobacco-mosaic virus. 
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Such predictability characterizes no other pair of viruses that are serologi¬ 
cally unrelated, confer no cross immunity, and have radically dilferent re¬ 
sistances to inactivation by heat. 

What is the meaning of this finding that all 83 species that proved 
susceptible to infection by etch virus were able to support increase of 
tobacco-mosaic virus? Are the requirements of these two v iruses definitely 
related as has been suggested with respect to the requirements of some 
viruses (1, p. 117) ? How should we explain the ability of tobacco-mosaic 
virus to infect an additional 116 species that appear to be naturally immune 
to infection with etch virus ? 

The experimental evidence now in hand suggests the hypothesis that 
the tested (severe-etch) strain of tobaeeo-etcli virus requires one or more 
substances or conditions in its hosts in addition to all those needed by the 
strain used to represent tobacco-mosaic virus. In the course of time this 
hy])othesis will be tested automatically, as inrormation on additional species 
a(‘.cumulates. It may be worthwhile to remark that exceptions naturally 
must be expected to arise in connection with any such generalization. If 
they prove few, however, they may tend merely to emphasize the significance 
of the rule without disproving it, for they may point only to independent 
relationships, such as specific harmful effects on tobacco-mosaic virus even 
in tVie ])resence of all that is normally required for its increase. 

A greater similarity than might have been anticipated was found in the 
ty])es of disease induced by tobacco-etch and tobacco-mosaic virUvSes in the 
ex])erimental hosts as a group. The most distinctive characteristic of etch 
disease in tobacco, a whitish stippling of areas of leaf surface involved in 
primary and secondary lesions, has given rise both to the name of the causa¬ 
tive vij’us (17, 12) and to a tendency to consider the virus as generically 
distinct from tobacco-mosaic virus (lb-. Reference to table 1, however, 
will show that chlorotic mottling (CAI; Avas commonly observed in this 
study in systemically susceptible hosts, etching (E) very rarely. Etch 
virus appears, on the whole, to be a typical mosaic-type virus, rarely deviat¬ 
ing even to the extent of producing etch x>^lterns. Indeed the diseases 
induced by the two viruses seem fundamentally alike, and are often strik¬ 
ingly similar in their manifestations. 

With this similarity of disease tyijc and the partial predictability of 
host range in mind, one might tend to conclude that the tAvo viruses Avere 
closely related genetically. Evidence against any very close relationship, 
however, may be summarized as folloAVs: No interference Avith production of 
tobac(Hi-mosaic virus was noted by Bawden and Kassanis in tests invohdng 
preAuous inoculation of plants Avith seA ere-etcli virus (1, p. 113 ). No pro¬ 
tection against local necrosis is aff'orded by inoculation of appropriate x>lants 
with one before the other (Fig. 1). There is no knoAAUi antigenic similarity 
(3) despite an early erroneous report (2 i. iloreover, the two viruses differ 
sharply in their thermal stabilities; Avhereas tobacco-mosaic virus must be 
held at about 92° C. for 10 minutes to be completely inactivated, severe-etch 
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virus is inactivated at about 53° to 55° C. in the same length of time (1, 
p. 115; 10). Such numerous and fundamental differences would suggest a 
distant rather than a close relationship, if one exists. 

In view of the evidence above detailed and because no other two viruses 
of wide host range are knowm to have so predictable a relationship between 
their hosts, it may be most feasible for the present to consider these two 
viruses wdth their respective strains and substrains as fairly closely allied, 
but distinct, members of the group of typical mosaic-disease viruses. This 
is already implied by their inclusion in a common genus as separate species 
( 8 ). ^ 

SUMMARY 

Among 310 plant species tested hy inoculation wdth tobacco-etch and 
tobacco-mosaic viruses, 83 j)roved capable of supporting increase of both 
viruses. 111 proved incapable of acting as hosts of either virus, 116 were 
susceptible to attack by the mosaic though not by the etch virus, but none 
were suceptible to infection by the etch that were not susceptible to in¬ 
fection by the mosaic virus. 

Types of disease induced in susceptible species are briefly recorded. 

It is suggested that inclusion of the whole knoAvn potential host range 
of tobacco-etch virus within that of tobacco-mosaic virus may mean that 
the requirements of the former include all the rtHpiirements of the latter as 
well as some other requirement or requirements. 

The earlier finding that plants suscei)tible to infection hy tobacH'o-mosaic 
virus are largely confineil to closely related families is confirmed. A similar 
but somewhat narrow^er host range is indicated for tobacco-etch virus. 

Tobacco-etch and tobacco-mos.ici A\iruses, though producing similar 
mottling diseases in many plants, including tobacco, are believed not to be 
closely related because they arc immunologically and serologically distinct 
and definitely unlike in thei mal stability. No other two viruses of so wude 
host range are known, however, to have so ])redictab]e a relation wdth respect 
to what pla nts they can infect. It is suggested that the similarity in their host 
requirements (wdiich by no means amounts to an id(*ntity even in this 
characteristic), taken in conjunction with the g«*neral similarity of their 
induced diseases, may be considered as evidence of a relationship of a some¬ 
what more distant type than that displayed by varieties of a single virus. 

The Department of Animal and Plant Pathology of 
The Rockefeller Institute for Medical Research, 

,Princeton, Nkw^ Jersey, 
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HELMIXTHOSPORIUM TURCICUM LEAF BLIGHT OP CORN 

C H A K LOTTE E L L I 0 T T A X D ]M E R L E T . J E N K I N S 
(Accepted for publication April 29, 1946) 

Tile 1942 ejiidemie of Helminthosiwriiim fiircicnm leaf blight came at 
a time when hybrid corn Avas largely replacing the old open-pollinated 
varieties. Many new lines and crosses were being developed and tested 
under dilferent environineiital conditions. Some were severely injured by 
leaf blight while other lines and crosses appeared to be more resistant. The 
double crosses in use in the Corn Belt were relatively susceiitible. The dif¬ 
ferences observed indicated the advisability of further tests for resistance 
and of selecting resistant lines for use in the corn breeding iirogram. 

Ill 1944, as a result of field inoculations at Beltsville, Maryland, infection 
was produced that Avas even heaAuer than that in 1942. Some of the same 
lines and crosses Avere groAvn in both years. The results of the 1944 inocula¬ 
tions are gh^en here in comparison Avith the results of natural infection in 
1942. 

METHODS OF IXOCULATJON 

The 1944 field inoculations at Beltsville AA^ere made on 200 inbred lines, 
176 single crosses, and 184 double crosses, assembled from the corn-groAving 
areas, to test their relative susceptibility to leaf blight. These lines and 
crosses AA^ere groAA'n in single-roAV plots of approximately 24 i>lants each in 
3 or 4 replications, altogether covering about 5 aivrcs. 

PiA’e out of 70 isolations of Ilehninthosporium turcicnm Pass., from 
naturally infected inbred lines of dent corn groAvn in 1942 at Beltsville, Avere 
selected for rapid growth of mycelium, abundant spore production, and 
virulence, 8ingle-spore cultures of all 5 AAcre combined for the inoculations. 

The cultures first Avere groAAii on oat hulls plus a small amount of corn 
meal in Petri dishes; and oat hulls transferred to potato-dextrose agar 
plates for spore ])rodnctiou. An abundance of si)ores deA’'eloped in about 
3 Aveeks. Spore suspensions AA ere made by running ten, 100-mm. Petri-dish 
cultures in one liter of Avater through an homogenizer’ for 2 minutes. This 
suspeiisiou Avas stored at 5° C. until needed. The suspension was diluted 
1 to 10 in the field and about 10 ml. spra.yed into the central coil of leaves 
of each plant. Inoculations Avere begun Jane 23 Avlien the plants Avere 12 
to 18 inches tall and repeated about tAvice Aveekly until the plants began to 
tassel about th'^ middle of Ju]y. 

KESULTS OF THE lyOGULATIONS 

The final development of leaf blight, folloAving inoculations in 1944, 
Ava$ even heavier than the epidemic of natural infection in 1942. Within 
a week after each inocidation, numbers of small Avater-soaked, yelloAv dots, 
1 to 2 mm. in diameter, appeared in bands 2 to 3 inches Avide, on the de- 

A Mamifnotnred by Eppenback, Inc., Long Island City, New York, Serial No. ;J923. 
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velopiiig leaves. On some 1 iiies of corn these developed into typical Helmin- 
thosponiim turcicum lesions. On other lines no further development took 
place. Until the last week in July little, if any, spreading of the disease 
from these original infections could be observed. For nearly a month 
following the first inoculation on June ‘iJ, there was almost no rain. Bains 
of 0.46 inches and 1.08 inches fell July 13 and July 20, respectively. On 
August 3, more than 5 inches of rain fell. Heavy dews formed at night. 
Leaf blight began to spread rapidly and continued to spread over all corn 
on the Station farm in the vicinity of the inoculation plots during the re¬ 
mainder of the growing season. 

It had been hoped that the leaf blight would develop sufficiently from 
the initial inoculations so that plants, in segregating progenies, could be 



0.5 I 2 3 4 5 


Pig. 1. Scale for rating Hdminih(ysporium turcicum leaf blight'. 0.5, Very slight 
infection, one or two restricted lesions on lower leaves; 1, Slight infection, a few scattered 
lesions on lower leaves; 2, Light infection, moderate number of lesions on lower leaves; 
3, Moderate infection, abundant lesions on lower leaves and few on middle leaves; 4, 
Heavy infection, lesions abundant on lower and middle leaves and extending to upper 
leaves; 5, Very heavy infection, lesions abundant on all leaves, plants may be prematurely 
killed. 

classified as to susceptibility by the time they flowered, and thus lighten the 
task of liand pollination in the program of breeding for resistance. Dif¬ 
ferences among strains of corn and among plants in the amounts of infection 
that developed directly from inoculation, however, were entirely unsatis¬ 
factory for this purpose. Fortunately the disease started to spread during 
tasseling and the infection from this secondary^ spread was sufficiently heavy 
at pollinating time to permit a reasonably accurate selection of resistant 
plants for breeding operations. 

The amount of blight infection was recorded in 6 classes (Fig. 1).^ 
Plants with only a trace of infection were rated 0.5 and those with pro- 

2 Ullstrup, A. J., P. E. Hopi>e, and Charlotte Elliott. Eeport of the comiuittee on 
methods for reporting corn disease ratings. U. S, Dept. Agr., Agr. Kcs. Admin., Bur. 
Plant Indus., Soils, and Agr. Engin., Div. Cereal Crops and Dis. 23CC, 5 jip., Feb., 1045. 
[Processed.] 
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gressively heavier infection were rated 1, 2, 3, 4, or 5, the 5 representing 
very heavy infection. Ratings were made oji a i)]ot basis the latter part 
of August and the middle of September. 

The ratings on 95 inbred lines, grown both in 1942 and 1944, are shown 
in table 1. In 1944 the inbred lines were divided into two groups, those of 
Corn-Belt maturity (about 125 to 145 days) being grown in one series and 
the later-maturing lines in another. The ratings show much less infection 



RATING AUG !7-19 RAT SE^’t. 19-20 RAT'NG AuG i 5, i9AA RATING SEPT |9, i944 


Fig. 2. Frequency distriljiitions of ratings of Hclmmihosporium tnrcicnw leaf 
blight in single and double crosses of dent corn at Bcltsville, Md., 1944. A, 170 single 
crosses rated ^September 19-20; B, same single crosses as in A, rated August 17-19 aiid 
September 19—20; C, 17t;} double crosses rat<'d Septefober 19; 1), same double crosses as 
in 0, rated August 23 and Hepteinber 19. 

ill 1942 than in 1944, but oii the whole tlu're is reasonable agreement between 
the results obtained in the two seasons, certain lines having low ratings in 
both years,and others high. There is, however, no pei-feet correlation. 
K64 and Txl55A have just as high ratings in 1942 as in 1944, whereas 
Ky27, K60, Oh56 with relatively low ratings in 1942 had very high ratings 
in 1944. Whether these disereT)ancies are due to differences between strains 
of the lines used in the 2 years or are due to differences in races of the fungus 
or to other causes remains to be determined. Only 8 of the lines of Corn- 
Belt maturity tested, and only 8 of the late inbred lines had light infection 
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TABLE 1.— Jlelminihosporium turcicum leaf hlight ratings on inhrecl lines of corn 
in IddS and 1944 at BeltsviUc, Margland 




Katin gs 


Late 


Ratings 









Corn-Belt 

1942 

1944 

inbred 

1942 

1944 





lines 












Aug. 12 

Aug. 25 

Sept. 16 


Aug. 12 

Aug. 24 

Sept. 15 

Tx206 

0.5 

2.5 

2.8 

NC34 

0.5 

0.5 

0.6 

Txl5.5A 

3.0 

3.0 

3.0 

CI.23 

0.5 

0.9 

1.1 

Tx4K:i 

0.5 

3.0 

3.8 

. K175 

0.5 

0.9 

1.5 

Tx20;i 

3.0 

3.0 

3.8 

T49B 

0.5 

1.5 

2.3 

KB397 

1.0 

3.0 

4.0 

T105B 

0.5 

1.8 

2.5 

90 

3.0 

3.8 

4.0 

K155 

0.5 

2.0 

2.5 

Tx61M 

1.0 

4.0 

4.0 

T61 

0.5 

1.8 

3.0 

L317 

0.5 

3.3 

4.3 

T7-6A 

0.5 

2.0 

3.0 

B2 

3.0 

4.0 

4.5 

T18 

1.0 

2.8 

3.3 

CI.4-8 

3.0 

4.0 

5.0 

K54 

1.0 

3.0 

3.3 

K 

1.0 

4.0 

5.0 

Kyl22 

0.5 

2.0 

3.5 

WF9 

2.0 

4.0 

5.0 

K41 

0.5 

3.0 

3.8 

B1 345 

2.0 

4.0 

5.0 

Ky58 

0.5 

3.0 

3.8 

Pr 

2.0 

4.0 

5.0 

T13 

0.5 

2.0 

4.0 

01156 

0.5 

4.0 

5.0 

Kys 

1.0 

2.8 

4.0 

461-3 

0.5 

4.3 

5.0 

CI.43 

0.5 

3.0 

4.0 

38-11 

3.0 

4.8 

5.0 

K64 

4.0 

3.0 

4.0 

33-16 

1.0 

4.8 

5.0 

K148 

0.5 

3.0 

4.0 

()li()7 

2.0 

4.8 

5.0 

K358 

1.0 

3.0 

4.0 

Ohril 

1.0 

4.8 

5.0 

K4 

1.0 

3.3 

4.0 

C1J87-2 

2.0 

5.0 

5.0 

C1.5 

1.0 

3.5 

4.0 

C1.540 

2.0 

5.0 

5.0 

K166 

2.0 

4.0 

4.0 

A 

3.0 

5.0 

5.0 

CI.24 

1.0 

3.0 

4.3 

Hy 

2.0 

5.0 

5.0 

CT.63 

0.5 

3.5 

4.3 

M14 

2.0 

5.0 

5.0 

T85 

0.5 

4.0 

4.3 

E4 

3.0 

5.0 

5.0 

CI.21 

1.0 

4.0 

4.5 

5120 

3.0 

5.0 

5.0 

Ky39 

0.5 

3.3 

4.8 

P8 

3.0 

5.0 

5.0 

CI.41 

3.0 

4.0 

4.8 

Tr 

4.0 

5.0 

5.0 

Ky27 

0.5 

4.0 

4.8 

66 

2.0 

5.0 

5.0 

MoO 

1.0 

4.0 

4.8 

B1 349 

2,0 

5.0 

5.0 

CT.2 

1.0 

3.5 

5.0 

Mc401 

4.0 

5.0 

5.0 

Ky17 

1.0 

3.8 

5.0 

Oh420 

3.0 

5.0 

5.0 

cr.27 

1.0 

4.0 

5.0 

1TE701 

5.0 

5.0 

5.0 

CL 7 

2.0 

4.0 

5.0 

OhOl 

3.0 

5.0 

5.0 

K30 

3.0 

4.0 

5.0 

Oh67 

3.0 

5.0 

5.0 

K180 

1.0 

4.0 

5.0 

Oh84 

2.0 

5.0 

5.0 

Kv41 

3.0 

4.0 

5.0 

Txl27C 

4.0 

5.0 

5.0 

Mo940 

0.5 

4.0 

5.0 





T7-2E 

0.5 

4.0 

5.0 





K18 

1.5 

4.3 

5.0 





Kv49 

2.0 

4.3 

5.0 





Mo7Ra 

1.0 

4.3 

5.0 





CT.l 

1.0 

4.5 

5.0 





K124 

3.0 

4.5 

5.0 





Kvl3 

1.0 

4.5 

5.0 





Ky21 

2.0 

4.5 

5.0 





T21A 

2.0 

4.5 

5.0 





K17 

1.0 

4.8 

5.0 


• 



K159 

3.0 

4.8 

5.0 





Ky56 

1.0 

4.8 

5.0 





ci.3 

3.0 

5.0 

5.0 





CI.6 

4.0 

5.0 

5.0 





K60 

2.0 

5.0 

5.0 





K124 

3.0 

5.0 

5.0 





K351 

2.0 

5.0 

5.0 





Ivyl32 

3.0 

5.0 

5.0 





T14 

3.0 

5.0 

5.0 
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or less in 1944. Of these, one of the lines of Corn-Belt maturity and six of 
the late lines are listed in table 1. The other tour, namely, Cl.15, Cl.19, 
Kyll4, and Mo21A, were not tested in 1942. All other lines had moderate 
to very heavy infection. There was less infection in tlie late lines in both 
years than in the Corn-Belt lines. 

Five «:roups of sin«:le crosses, designated as midseason, late white, late 
yellow, southern white, and southern yellow crosses, were included in the 
1944 experiments. The first three groups each contained all of the 45 
possible combinations among 10 parent lines and the last two eacdi contained 
all but one and all, respectively, of the 21 possible combinations among 
seven parent lines. Frequency distributiofis of the ratings for the single 
crosses in each of the different groups are shown in figure 2, A. In Sep¬ 
tember the midseason single crosses had more very heavy infection than 
the late and the southern single crosses. Tlic soutliern white singles had 5 
per cent very light and 5 per cent light infection. The late yellow singles 
are the only others with an^'” light infection. Frequency distributions of 
the ratings for all 176 singles in xiugust and in September are shown in 
figure 2, B. Eighty-seven per cent of all single crosses tested in 1944 were 
heavily infected in September. 

The 1944 leaf blight ratings of inbred parents of each group of single 
crosses and the mean ratings of the single crosses involving each paj*ent line 
are reported in table 2. K155 was the most resistant of any of the parents 

of the midseason group and the mean August and September ratings of the 
single crosses involving this line also were low(‘r than those for any other 
parent line. The hnv September rating of lMo22 and the low S(q)tember 
average rating foi* the crosses involving this line indicati* that it is probably 
the most resistant line in the late white gi*oup. In the late >'ellow grou}) 
K155 again was the most resistant parent line botli when judged on its 
ratings as an inbred line and on the average ratings of tlu' single crosses 
involving it. 

In the southern white group NC34 was the most resistant x^itt'ont line 
and the crosses involving it had the lowest average ratings. NC34 had the 
loAvest rating of all the 200 inbred lines. It was significantly more resistant 
than any other line tested. In the southern yellow groii]) there M’ore no 
marked differences. 

An attempt \Aas made in 1944 to test as many doubh* (crosses as were 
available. The double crosses tested were divided into four groujis and 
these were designated as Corn-Belt doubles, late doubles, V. S. doubles, and 
North Carolina doubles, respectively. Frequency distributions of the 
ratings of these doulile crosses are given in figure 2, C. There was no light 
infection in any of the double crosses in the September rating, and onli* 4 
per cent moderate infection in the late doubles and 6 per eent in the U. S. 
doubles in September. The Corn-Belt doubles and the North Carolina 
doubles were 100 per cent heavily infected, the late doubles and the IT. S. 
doubles were 90 per cent and 94 per cent heavily infected, respectively. 
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TABLE 2.— Summary of leaf bliylit ratings of inhrrd linrs and the nuaii ratings 
of their single crosses following inociilaiion with nelminthosporiuni turclcum in 1944 at 
Beltsville, Maryland 


Ratings Aug. 17-19 Ratings Sept. 19-20 

Inbred -—^—- —-— -- 

lines Means of Parent Mcaiis of Parent 

crosses* line^ crosses* line** 


Midseason group 

Mv 

3.1 

lil7 

2.6 

WF9 

3.1 

38-11 

3.1 

B3 

3.1 

461-3 

2.9 

K155 

1.8 

N6 

2.3 

()h28 

3.0 

CI.7 

3.3 

Late white group 

33-16 

3.0 

Ky27 

2.1 

K55 

2,8 

K64 

2.7 

H2o 

2.6 

H24 

2.7 

R30 

3.1 

Mo22 

1.8 

Tx4R3 

1.9 

TI8 

1.6 

Lati u( How group 

3S-11 

3.0 

117 

2.4 

K223A 

3.2 

K4 

2.3 

.Kvs 

2.4 

Ki55 

1.8 

0}i()4 

2.9 

TS 

2.1 

Cl .3 

2.3 

01.7 

3.2 

Sfnitto r}i white group 

LI 3 

3.2 

N034 

1.3 

N037 

2.7 

K7 

3.9 

TIO 

2.5 

T61 

2.1 

TxlooA 

2.9 


5.0 

4.7 

5.0 

3.3 

4.7 

4.3 

4.0 

4.9 

.1.0 

4.8 

4.7 

5.0 


5.0 


4.3 

4.9 

5.0 

2.0 

4.0 

2.5 


4.7 



4.6 


4.2 

4.9 

5.0 


4.8 

4.4 

5.0 

4.0 

4.1 

4.8 


4.9 


3.0 

4.4 

4.0 

4.3 

4.6 

5.0 

4.5 

4.7 

4.8 


4.8 


3.0 

3.4 

3.0 

;;.o 

4.3 

3.S 

2.8 

4.2 

3.3 

4.8 

4.3 

5.0 


1.5 



4.8 


3.3 

4.0 

4.0 

2.8 

4.1 

4.0 

2.0 

.3 3 

2.5 

4.0 

4.1 

5.0 

3.0 

3.4 

3.5 

0.0 

3.9 

4.0 

4.0 

4.6 

5.0 



4.3 


0.5 

3.1 

0.6 

4.0 

4.6 

5.0 


4.9 


4.5 

4.3 

5.0 

1.8 

3.S 

3.0 

3.0 

4.2 

3.0 


Son them yellow group 
R34 
R40 
Kvs 
K4 
NC12 
CI.7 
01.21 


O il 

4.0 

2.5 

2.8 

2.7 

3.3 

2.5 

3.0 

3^2 

4.0 

3.2 

4.0 


4.5 


4.5 

4.0 

4.0 

4.0 

4.0 

4.0 

4.2 

4.0 

4.9 

5.0 

4.5 

4.8 


.‘ ^ is the average of the ratings on the single crosses 

JaWii.l.red line listed on tUo left with all of the other lines of the 

'^^RaUngs on the parental inbred lines themselves. 









666 


Phytopathology 


[VoL. 36 


Frequency distributions of the August and September ratings of 173 
double crosses are given in figure 2, D. There was 2.3 j>er cent light infec¬ 
tion in August but none in September; 56 per cent had moderate infection 
in August with only 2.9 per cent in September; 41 per cent had heavy in¬ 
fection in August, and 97 per cent were heavily infected in September. 

The results of these inoculations indicate that there are resistant lines 
that tend to transmit their resistance to crosses, that earlier lines and crosses 
are more susceptible than later lines and crosses, and that the double crosses 
now being used in hybrid corn production are susceptible to leaf blight. 
NC34 was outstanding in its resistance to Helminthosporium turcicum leaf 
blight and in transmitting this resistance tonts hybrids. It is possible that 
differences in genetic composition of the host, differences in virulence of the 
fungus, or other factors ma^’ complicate the problem of resistance to this 
disease. Abundance of moisture appears to determine the stage in the 
development of tlic plant wdien the leaf blight becomes severe and the result¬ 
ing damage to the crop. If the disease develops early in tJic season when 
corn plants are only partly grown, the entire croj) may be destroyed. If 
heavy infection develops late in the season, after the ears are wxdl formed 
and the plants are approaching maturity, losses may be restricted largely to 
the fodder or may affect both the yields and quality of fodder and of grain. 

SUMMARY 

Field inoculation experiments wTre conducted at Beltsville, Md., in 1944 
to determine relative susceptibility of inbred lines and*crosses of dent corn 
to Htimmilwiiporium ttircicvm. leaf blight, liesnlts of these inoculations 
w’erc compared with records of leaf blight during the epidtunic of 1942. 

About 5 acres of corn wen^ inocul-ffed tw'i(*e w^eelvly beginning the last of 
June and ending as the plants came into tassel. The disease spread rapidly 
during August and Septeraber. 

Leaf blight ratings on 200 inbred lines, 176 single t*rosses, and 184 double 
crosses indicate that most lines and crosses are sus(*eptible. NC34 was 
significantly more resistant than any other line tested. (T.23, K17r), KvH4, 
Mo21A, T49B, T105B, K155, Cl.15, CL16, and Tx206 had only traces to 
light infection. The other lines tested showed moderate to very heavy in¬ 
fection. In general, the resistance of resistant lines was transmitted to 
tlieir hybrids. 

ITvAnt Industry Station, 

Beltsville, Maryland. 



A METHOD FOR THE MACROSCOPIC STUDY OF ROOT DISEASES 

CoEA Lee Terry Gott and G. W. Goldsmithi 
(Accepted for publication April 30, 1046) 

Pirone^ described a method suitable for the commercial propagation of 
plants from cuttings without use of soil or of any type of solid medium. 
A modification of this method seemed to offer possibilities in plant pathology, 
particularly in the study of root diseases, enabling all parts of the plant to 
be examined macroscopically at any time during the period of infection. 
The method has unlimited possibilities in permitting the use of different 
types of culture media to determine x)arasitic relationships. 


METHOD 


Seeds of cotton and corn were germinated under sterile conditions on 
moist filter paper, and wlien the hypocotyls had emerged to a length of 
2 to 3 centimeters, they were placed in root containers similar to those 
described by Pi rone (Fig. 1). Each container consisted of a metal frame 



SHIVE'S 

SOLUTION 

PAN OF 

nutrient solution 

GLASS OVER 
FILTER PAPER 


FIGURE 1. ROOT CONTAINER 

supporting a glass surface l(i by 24 indies. At the top of the metal frame, 
sujiported partially by a wooden frame and partially by the edges of the 
metal frame, was a metal pan containing nutrient solution. Adjacent to 
the glass was a strip of filter paper which folded over into the pan containing 
the mineral solution. The germinating seeds w'ere placed at the top of the 

1 Dr. Goldsmitb was Professor of Botany at the University of Texas prior to his 

death in October, 1943. . 

2 Pirone, P. P, A new method of plant propagation. Science 94; 74. 1941. 
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eoiitainer between the glass and the filter paper. A black, metal sheet 
covered the glass portion to prevent light injury to the roots. 

The nutrient supplied was Shive's solutioiP consisting of 3 salts, potas¬ 
sium dihydrogen phosphate (0.018 M), ealeinm nitrate (0.0052 M), and 
magnesium sulphate (0.015 M). 

The cotton root-rot fungus, PhynHitotrichmn omnivonim (Shear) 
Duggar, was used as the parasite in all of the experiments. Corn, which 
is resistant to this f ungus in the held, and cotton, which is susceptible, were 
used as the host plants. The fungus cultures used for inoculation were 
grown by Dunlap's^ method in order to insure pathogenicity. 

After the plants had grown sufficiently t*i> develop a root system a|)proxi- 
mately 6 inches long, one series each of cotton and corn was inoculated with 
fresh sclerotia of the fungus. Another series of each was used as a coTitrol. 

To determine the possibilities of the root-growing apparatus as a 3nethod 
of testing the effects of controlled nutrient solutions on parasitism, pre¬ 
liminary work was done by substituting NaaSO.* for MgS 04 in the Shivers 
solution, thus creating a magnesium defic'ieney. Young corn seedlings were 
placed in the coiitai7ier after 12 hours and were inoculated in the usual 
manner. They were given the complete Sliive's solution for 60 hours and 
the magnesium-free solution throughout the remainder of the exj)erimont. 

KKSrLTS 

The plants were examined daily for symptoms of wilting, and )neasure- 
ments of growth incroments of the roots were made wdienever practical. 
Usually this was not possible with cotton i*oots as they grew too slowly to 

TABLE 1.— Mmsurf inenis on cor/t planis pnurn in root roniaincrs. Firr plants 
locrc inocnliiicd with Fhifmalotrlehtnn oDh-'rormn and fivi wort not inorulated 


^reasureiueiitsa 

Inoculated 

]»lant8 

Noninoeulated 

plants 

E])j('otyl: length 

?;■ cm. 

30 em. 

green weight 

10 .:> gni. 

29..3 gm. 

dry weight 

l.‘> gm. 

3,6 gm. 

Tlypoeoty]: length 

27 cm. 

43.5 ein. 

green weight 

l.r» gin. 

4.2 gm. 

dry weight 

.4.3 gm. 

.78 gm. 

Number of roots 

9 

13.5 


a Eac-h measurement is the avtMag«* for o 

])ennit afc-uratc iiicftsurc-meiiis. In {renci-al. it was fonnd that corn, which 
is noniialiy ininiune from the root-rot fungus in flic, field, could be attacked 
but not killed under tlic conditions of the experiment. Plaut.s which were 
inoculatml were usually retarded in growth arid lacked the yigor of the 
control plants. The measurcmculs arc in table 1. 

s Shivc, J. ■W^ A three s.'ilt niitrieiit sohitior. for jiJaots. Amor. Jour. liot 2- 157- 
.?(>o. 1915. 

4 Dunlap, A. A. A conveiiicut soil-ciiltiive mothoa for obtaining selerotia of tlio 
eotton root rot fungus. Aiuev. Jour. Bot. 28: 94.3-947. 1941. 
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FIGURE 2. 

AVERAGE GROWTH OF NORMAL AND INFECTED CORN ROOTS IN SHIVE'S SOLUTION 



FIGURE S. 

GROWTH OF INFECTED CORN ROOTS IN SHIVE'S SOLUTION 
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Figure 2 shows the effect of inoculation on the root growth of 5 corn 
plants as well as the growth of a similar number non inoculated. Measure¬ 
ments are in centimeters and were made at 12-hour intervals. After 36 
hours the root-rot fungus caused a constantly diminishing growth rate of 
the corn roots, although none of the plants was killed during the course of 
the experiments. In contrast to this, the control plants continued to grow 
normally. 

Cotton seedlings, which are usually immune*’ in the field, gave results 
similar to those of corn when grown under experimental conditions. The 
controls continued to grow throughout tlje experiment while inoculated 
seedlings showed symptoms of root neero^jis ver>' early. The inoculated 
roots ceased growing 24 hours after inoculation and soon decayed. If there 
were not other sccondar^^ roots to serve as sources of nourishment, the 
entire plant soon died. Sectiotis through the infected areas showed the 
root-rot fungus in the cells of the cortex, endodermis, and xylem. 

The corn plants which were deprived of magnesium supply 60 hours 
after inoculation showed even more symptoms than those which were in¬ 
fected in the presence of full nutritional requirements. Growtli rates con¬ 
tinued diminishing, and after 3J days root groAvth ceased. P^igure 3 sliows 
the measurements of 3 typical roots during the experiment. Within a week 
following the cessation of growth, the plants tyilted and died. 

Sl'-M MARY 

1. A macroscopical method for the examination Of root infections has 
been devised. 

2. Cotton seedlings growing in root coutaimu’s were killed after inocula¬ 
tion wdth Pliymaiotrichum omnivo, nm, 

3. Corn, which is immune from Phyrnatotrichirm omnivorum in the 
field, was rendered susi'cidible to attack but not killed. 

4. Corn seedlings can b*:^ rendered siisceptilile to typical infection by 
Phymatoirichmn omnivorum^ which results in death, by withholding mag¬ 
nesium from the nutrient solution. 

Clayton F’oundation, Cotton Investigation and Rksearcii, 
Department of Botany and Bacterioiaigy, 

TiiK University of Texas, Austin 12, Texas. 

6 Blank, L. M. The susceptihility of cotton seedlings to lyiymalotrichum omni‘ 
vorum. Phytopatli. 30: 10o3~1041. 1940. 



GEBEN DWAEP: A VIRUS DISEASE OF POTATO' 

J. A. Milbrathz 
(Accepted for publication May 17, 1946) 

Greeu dwarf, an iindescribed disease of potatoes, has been present in 
Orej]^on for a number of years. The disease is caused by a virus which seems 
to be distinct from all other viruses which have been reported on potatoes. 
Green dwarf has been collected from Baker, Crook, Deschutes, and Malheur 
Counties in Oregon. Since it is often found in fields of potatoes being grown 
for seed, it is jirobable that the disease is more widely distributed but not 
recognized. Tuber-perpetuated green dwarf wa>s found in a number of 
fields of Netted Gem potatoes grown from seed which had been produced in 
Montana. 

SYMPTOMS OF THE DISEASE 

Tuhcr pcrpetuatid. The outstanding symptoms of tuber-perpetuated 
green dwarf are late emergence and extreme dwarfing. It is not uncommon 
for a mature green-dwarl' potato plant to be only six inches high, while 
adjacent healthy plants ar(‘ two feet or more high. The basal leaves appear 
normal, but are close together in a basal rosette of four or five leaves. The 
remaining terminal growth is dwarfed and malformed, and the growing 
point is pinclied together in a cluster of small leaves (Pig. 1, A). The leaf¬ 
lets on the young leaves cup upward, forming small boat-like structures 
(Pig. ], C). The ])lants are normal green or sometimes even darker green 
than normal. The tubers are small, but have no other symptom. 

The tuber-jierpetuated symptoms of green dwarf in the greenhouse are 
puite different from those of field-gi'own plants. Emergence is one to two 
weeks later tlian normal and when tJie sprout finally breaks through the soil 
a dark green, leafy bud develoiis. whi(di does not unfold its leaves for some 
time. The entire plant may not be over one to two inches tall, two or three 
weeks after emergence (Fig. 2). Gradually the stem elongates and the 
older leaves expand into small dark green, nnmottled struetnres, often not 
over one to two iiudies long. The plants are very stiff and erect, and the 
growing point remains compaet or pinched together. After two months of 
growth, Green Mountain plants from tubers inoculated the previous year 
with green dwarf virus, produced blo.ssom clusters on plants not over six 
inches tall, and the leaf spread of the plants did not exceed two inches (Pig. 
1, B). Some plants, especially the White Rose variety, after a late emer¬ 
gence and slow development, will begin to grow normally and produce a 
plant 12-18 inches tall. These plants appear normal, except that leaves 
are short and leaflets small, which gives the entire plant a narrow, leggy 
appearance. 

1 Published as Technical Paper No. 486 with the approval of the Director of the 
Oregon Agricultunil Experiment Station. Contribution of the Plant P:ithology Depart- 

The assistance of F. McWhorter and H. H. Millsap in the photographic work is 
gratefully acknowledged. 
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Fio, 3. A. Terminal growth of a field-grown Netted Gem potato ]dant affected with 
green dwarf. The symptoms are much the same for eurrent season and tuber-perpetuated 
green dwarf. B. A mature greenliouse-growu plant of Green Mountain from a tuber 
infected the previous year with green dwarf. C. Typical leaf symptoms of green dwarf 
on iield-groAvn Netted Gems. 
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Fig. 2. Tuber-perpetuated symptoms of green dwarf. Photographed three weeks 
after emergence. All varieties studied emerge late and grow slowly after emergence. 


Current season symptoms. The current season infection of green dwarf 
from natural spread causes very little injury to the plants. The symptoms 
are usually limited to the terminal growth of one or more lateral branches, 
and are very similar to the s>’m])toms of the terminal growth of tuber-per¬ 
petuated green dwarf (Fig. 1, A). The growth stops or becomes very much 
dwarfed. The leaves are small and the leaflets are misshapened and cup 
upward (Fig. 1, C). The leaves of the gn>wing point are clustered together 
or pinched and dwarfed. 

No current season symidoms have been }>roduced in the greenhouse by 
inoculation. 

TKAXSMJS810X OF THE DISEASE 

The disease has not been transmitted by the carborundum or the tuber 
core graft methods of imxmlation. It is readily transmitted by grafting a 
portion of diseased stem onto a healthy plant. Green dwarf has been trans- 


TABLE F —JifSHlra of iifoculatinn potato pJanta with the green-dwarf virus 


A^arioty 


Metliod of 
inoculation 


No. of plants 
bioculatcd** 


No. of plants 
with green 
dwarf 


Netted Gems 

White Rose . 

Burl)ank . 

Netted Gems 
Netted Gems 
WUiite Rose . 

Burbank . 

Green Mountain 
X-immune seedling 


C’arbonindum 10 0 

do 5 0 

do ^ 0 

Core graft 17 0 

Side graft 8 7 

do 0 

do 

do 4 4 

do o 1 


. numbor of clu-ck plants were grown for each inoculation. Tubers were 

saved from those plants and were again nsod as cheeks for tuber perpetuated symptoms. 
None of the chocks developed green dwarf. 
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mitted by grafting infected Netted Gems to healthy Netted Gems, Burbank, 
White Rose, Green Mountain, and X-iminune seedling. Table 1 gives the 
details of these inoculations. 

The virus apparently moves slowly through the plant because tubers taken 
from plants with current season s.ymptoms may not all produce green dwarf. 
Likewise, individual tubers cut in several pieces and planted as a tuber unit 
may produce only one green-dwarf plant in the unit. 

LOSSES FROM THE DISEASE 

The disease has not developed to the poiyt where it causes serious losses. 
Most fields have less than 1 jier cent of the tlisease. In some areas there is 
considerable current season sjiread of green dwarf, and the disease is a con¬ 
stant worry to growers of certified seed in these areas. 

Oregon State College, 

Corvallis, Oregon. 



PHYTOPATHOLOGICAL NOTES 

Transmission of Peach Wart by Graft Inoculaiions with Affected Fruit 
Tissue. —On August 24, 1942, three J. H. Hale and three Elberta peach trees 
in the plots at Moscow, Idaho, were inoculated with fruit tissue affected with 
peach wart. Wedges of warty tissue approximately 35 mm. long, 3 mm. 
thick, and 4 or 5 mm. wide at the large end were placed in T cuts in the bark 
of the trunks of young peach trees. Three pieces of tissue were set on each 
tree and held in place with rubber budding strips. The external surface of 
the fruit was placed outermost and since the warty tissue was either very 
tough and leathery or woody there was very close contact between the wedges 
and the stO(*k under the rubber band pressure. Observation showed that in 
several cases the peach fruit tissue retained its normal appearance and 
seeiiKHl alive for at least a month. Cochran and Rue’ secured transmission 
of i)each mosaic b^>" a similar grafting technique using leaf, fruit, bark, and 
wood tissue. They state that in the case of leaf tissue it appeared to have 
united with the \\ound callus. 

In August, 1945, examination showed that transmission had occurred in 
all cases inoculated by the fruit tissue method. No control inoculations were 
made with tissue wedges of health>' fruit but the trees inoculated by this 
technique or by bud inoculation were the only ones showing warty fruit in 
the plots whicli contained several hundred trees. The virus causing peach 
wart is known to si)read in an orchard- but even in older plantings the 
spread is slow. Tin* expcriejuie with peach wart and the experimental evi- 
den(*e ])res(mted indicate that the presence of the disease on these trees was 
not due to contamination but to actual transmission of the virus. Fruit 
sym|)toms were typical and severe.- It is not known w'hether tissue union 
occurred; according to Dorsey and McMuniP it is generally agreed that in 
nearly mature peai'li fruits there is no meristem present in flesh tissue. 
There remains the possibility, however, that in peach fruits affected by wart, 
some meristematic tissue may exist long after it has disappeared in normal 
fruits. Transmission by this fruit tissue method and variations of it offer 
a useful technique for studying properties of the peach wart, mosaic, and 
perhaps other viruses.— Eaulu 0. Blodgett, Formerly Assoc. Plant Patholo¬ 
gist, Idaho Agricultural Exi)eriment Station, Moscow^ Idaho. 

Stubborn Disease of CiiruSy a Virosis. —^At the time the history and the 
d(‘S(*ription of the stubborn disease on navel oranges was first reported,^ it 
was suspected that it might be a virus disease rather than a genetic variation. 
The experimental evidence developed since that time together with further 

^ (Cochran, Ij. C., and John L. Rue. Some host-tissue relationships of the peach 
mosaic virus. (Ahstr.) PhYtojiath. 34: 934. 1944. 

slUodgett, Earle C. Pe.'ich wart. Phytopath. 33: 21-32. 1943. 

3 Dorsey, M. J., and R. li. McMunn. Tree-conditioning the peaL*h crop. III. Agr. 
Exi). 8ta. Bui. 507. p. 353-357. 1944. 

1 Fawcett, H. S., J. C. Perry, and J. C. Johnston. The stubborn disease of Citrus. 
California Citrograph 29: 346, 147. 1944. 
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observations lias led to the definite coneliisioii that stubborn disease on navel 
orange trees is of virus origin. 

The >syniptoins on navel oranges when pronounced consist of a brush-like 
growth of twigs, due to abnormal braiu-liing from multiple buds. The small 
branches often bend down over most of tJieir length and turn up at tlie outer 
ends. TJie leaves tend to be broader and shorter and bend upward more 
on each side of the midrib than those of healthy trees. The foliage, espe¬ 
cially on the south side, usually consists of an untimely autumn growtli 
which becomes somewhat chlorotic. Some of the fruit develops abnormally 
into forms that resemble an acorn shape^' - wi|h the rind of the stem ludf or 
j)ortions of it remaining normal in thickness while the rest of the rind de¬ 
creases abruptly in thickness with the thinnest jiortion near the stylar end. 
In severel.v affected fruit the pulp below the thin jiortions of the rind has 
a sour or bitter taste and disagreeable odor. Trees tend to become unpro¬ 
ductive and are often mistaken for the so-calle<.l ‘‘Australian type” of navel. 

The most definite experimental evidence was obtained by liudding sweet 
orange seedlings with buds from trees with stubborn disease (Marcli, 1939) 
and topworkiug tlie resulting trees with buds from a liealthy navel orange 
tree (May, 1943).^ At the present time (March, 1946) the growth from the 
originally healthy navel buds has not only developed the typical branch and 
leaf symptoms, but some of the fruits have tlie “acorn” symptoms.^ ” 

Healthy buds from this same soui’ce jilaced on trees at the same time, not 
showing stubborn symiitoms, grcAV out and produced normal branches, 
leaves, and fruit. 

Tile symptoms on the diseased trees developed slowly. This exi)erinient 
{‘orroborates many previous observations i)y jiropagators and growers that 
trees with these symptoms, when top worked with (carefully selected healthy 
navel orange buds or scions, again had the same disease symptoms after 
developing a ncAv toi). 

There has not been time as yet to determine definitely Avhether or not the 
so-called “crazy top” and “acorn” m- “pink nose”"' of grapefruit is the 
same disease although the symptoms are similar. Transmission experiments 
on grapefruit and other varieties were begun in 11144. 

To summarize the results: Typical symptoms have been induced in tojis 
of navel orange trees grown from healtiiy bmls placed in diseased trees. 
Tops grown from healthy buds from the same source placed in healthy trees 
remained healthy. 

The virus causing the stubborn disease may be designated and described 
as follows: 

Citrivir pertinaciae^ (pertinaciae, genetive of pertinacia-pertaining to 
stubbornness), the virus causing stubborn disease of citrus. Induces on 

2 Haas, A. It. C., L. J. Klotz, and J. <!. Johnston. Acorn disoaso in oranjjes, Cali- 

1‘oriiia Citrograph 29: 148, 168-169. 1944. 

3 Burgess, P. b. Agricultural Chcinistrv and Soils: Boron. Arizona Agricultural 
Experiment Station Kept. .'>2: 7. 1942. 

i Fawcett, H. S. Citrus viruses. Phytopath. 31: 356-357. 1941. 
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navel oranjre trees innltii)]e buds and abnormal branebiiiiis resultiiii^ in a 
brusli-like jirowtii. Indiiees broader and shorter leaves than normal and 
untimely, somewhat ehlorotie, jrrowth in the autumn. Causes some oi* the 
Iruit to take oji an “aeorn” shape in whie.h the rind at the stem end is noi*- 
mal, beeomiiig’ abruptly tliiniier and smoother over the remainder ot: the 
surlaee. Mature Iruits lend to be sour and bitter at the navel end.—II. S. 
Fawcett, (htrus Exi)(*rimeiit Station, Riverside, California. 

h rifcruiK nts o)i the Overwintering m the Soil of Bacteria Causing Leaf 
and Pod Spots of Snap and Lima Beans. —The overwinterinji* in nonsterile 
soil of bacterial |>athojiens of snap and lima beans {PhaseoJus vulgaris and 
P. lunatus var. maerocarpus (Benth.) Van Eselt.) is still an open question, 
altlioujih in tlu^ ease of Xanthonwnas phaseoli (E. F. Sin.) Dowson there is 
^'ood eireumstantial field evidence for survival throu^rh the winter in bean 
l>lants thrown on compost heaps. The writer has made the following' 
exj)eriments: 

Idaho-jirown snap bean seed of the Bountiful variety was jilanted in 
May, June, and July at the Arlington Experimental Farm in Virginia, in a 
])lot wliere snap beans lieavily infected with Pseudomonas medicaginis var. 
phaseoUcida (Burkh.) Sta|q) and Kotte had been plowed under the previous 
autumn. No infection ensued. 

The soil hold-o\'er of Pseudomonas medicagini^^^ var. phaseolicola and 
Xanihonionas phaseoli was tested by burying in pots of Arlington Farm soil 
lima l)ean leaves and |)()ds with fresh autumn infections of these organi.sms. 
The pots were sunk iji the ground out of doors. The following spring Full 
Measure snap liean plants from Idaho seed were grown therein and kept well 
watered, but no signs of infeetion appeared on them. 

A similar <‘xperiment on the Eastern Shore of Maryland likewise pro¬ 
duced negative results. In this case the buried lima bean ( King of the Gar¬ 
den variety) leavtvs bore fresh autumn infections of Pseudomonas sgringae 
van Hall and the vaideties planted in this soil the following spring Avere 
King of the Gai*den lima bean and Idaho-grown Bountiful snap bean. 

liiomdation experiments to test furtlier the overwintering of bean bac¬ 
terial ])athogeus Avere made as folIoAAs: 

Lima bean leaves Avith autumn infections of Pseudomo7ias syringae had 
been ex|)osed to weathering from October 22 till June 7, but had not been 
in contact Avith the soil. On the latter date they AA-ere crushed to poAvder and 
dusted on sprayed pricked seedlings of Ideal pole lima in a damp chamber. 
The plants Avere sprayed again after dusting and kept 3 days in the damp 
chamber. No Pseudomonas syringae appeared on any of tlie 19 plants, but 
Xanthomonas 2 >haseoU Avas isolated from Avater-soaked spots on inoculated 
leaves of 3 of them. The check plants had no sign of infeetion. Had the 
Xanthomonas phaseoli been associated Avith Ps, syringae in the lesions on the 
Aveathered leaves? X. phaseoli has been found now and then, in small 
numbers, in lesions caused by various other bean bacterial pathogens. 
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The preceding experiment was repeated a week later, but with a water 
suspension of the powdered dried leaves. No infection resulted. 

Soil in which lima bean leaves with fresh autumn infections of Pseudo- 
monos medicaginis var. phaseolicola had been buried out of doors on October 
22, w^as used as inoculum on June 7. It was applied to the leaves of Ideal 
pole lima seedlings in a damp chamber, after which the plants were sprayed 
and pricked. No infection resulted.— Florence Hedges, Division of Fruit 
and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Agricultural Eesearch Administration, Plant 
Industry Station, Beltsville, Maryland. 



IIEPORT OP THE 1946 ANNUAL MEETING OP THE 
NEW ENGLAND DIVISION OP THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 

In order to coincide with the New England-New York Spray Specialists' 
Conference, the 1946 annual meeting of the New England Division was held 
on December 4, 5, 6, 1945. Members of A.P.S. in New York, New^ Jersey, 
and Pennsylvania were invited to participate in these meetings. Of the 
75 persons w4io registered, approximately half were from the invited states. 
In addition to the 14 pai)ers presented, 3 symposia were conducted: Potato 
Diseases, Seed Treatments, and Teaching Plant Pathology and Trends in 
Research. 

Officers of the New^ Engiand Division for 1946 are: President, Prank L. 
Ilow^ard, Rhode Island State College, Kingston; Vice President, P. J. An¬ 
derson, Connecticut Experiment Station, Windsor; Secretary-Treasurer, 
Thomas Sproston, Jr., Massachusetts State College, Amherst; Councilor, 
M. C. Richards, University of New Hampshire, Durham. 

AB8TKACTS OF PAPERS PRESENTED AT THE MEETING 

The Fungi of Foie rot of Tobacco. Andkrson, 1*. ,1. A considerable number of 
speci(^s of bact<*ria and fungi, Altcniariay Macrosporiumy Fusariuniy Fenicilliiim, Asper- 
gilliiSy Cladoeporium, and others, an^ readily isolated from pole-rot damaged leaves of 
t(.»bacco in the curing shed. W’hen leaves are inoculated these species are found to be 
either nonpathogeni<'. or so weakly i»athogcnic that they could not be responsible for 
destructive epidemics. Two <dher fungi, Sclerotinia eclerotiorum and Botrytis cincrea, 
rarely isolated from old lesions, arc always isolated from the very young lesions, are 
highly pathogenic on tobacco leaves, and are n^sponsible for the severe ei>idemics in New 
England. They are most active on leaves tliat arc still green. Later these two fungi 
ar(^ destroyed by the other organisms mentioned. Pole-rot starts on tobacco while it is 
.still standing in the field, 

A Laboratory Aamy for Slability of Organic Fungicide Remiues. Barratt, R. W. 
Laboratory assays have l)eeu designed to measure the following factors causing failure 
of fungicides in the field: tenacity, previous material in the sj)ray tank or additives, 
decompo.sition during appli<*ation, and decomposition of th(‘ spray residue from ultraviolet 
light, leaf exudates, atmospheric gases, rain water, and soil on leaves. The rate of decom- 
])ositioTi is an important statistic. Essentially, the technique involves the spraying of 
coated glass slides in a dosage series employing a dose ratio of 2 or V 2. Replications 
of each concentration are sprayed, om; .set being assayed immediately for fungicidal 
potency. The remaining slides are stored at a constant temperature in a closed chamber 
having the environment being studied. By assaying slides stored for different periods 
of time, the LD90 in terms of inicrograms per sq. in. can be determined. From the shape 
and position of the curves lesulting from charting the logarithm of the LD90 against 
the time of storage in days, the j-elative rates of decomposition of the fungicides can be 
determined. By using this techni((ue the rate of decomposition of disodium ethylene bis 
dithiocarbamate in the presence of water and oxygen has bcicn studied and can be slowed 
down by the addition of zinc sulphate and lime. 

Control of Damping-off by a Delay in First Watering After Seeding. Doran, W. L, 
W'^lien seeds were sowed in soils infested with Pythium, the soils having a moisture content 
of not more than per cent of the water-holding capacity at time of seeding, damping- 
off, especially pre-emergence damping-off, was much less severe if soil was not watered 
for the first time until several days after seeding. Numbers of plants which lived in such 
soil first watered four or five days after set'ding were, as compared with numbers which 
lived in soil watered immediately after seeding, increased by the following percentages: 
tomato, 39 per cent; eggplant, 27*pcr cent; pepper, 37 per cent; onion, 90 per cent; lettuce, 
K9 per cent; beet, 133 per cent; and cabbage, 124 per cent. Stands were not improved by 
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a tlelay in first watering if the soil at time of seeding had a innch higher moistnia* content. 
Stands were nsually more improved by a delay of four to five days before the first water¬ 
ing than by a shorter interval. They were usually as much improved by waiting four to 
five days as by waiting longer and any further delay may be undesirable because of a 
corresponding dela.v in emergence. The method is not suggested as a substitute for soil 
or seed treatment witli fungicides but, lacking them, it is a worthwhile cnltnral practice. 

SthnidatioH and MitardaiUm of Germination of Some VffKlablc Serdn licit nit iruj 
from Treatment with Protective Fungicides. Foster, A. A. Copper fungicides injured 
cabbage, cucumber, and pea seed and stimulated beet, eggplant, pepper, and s]»iiiach seed 
germinated in Petri plates or steamed soil. Nitroprusside tests showed that copper- 
sensitive seeds contained the sulfhydryl radical while others did not. Copper treatiuent 
reduced or eliminated sulfhydryl groups in seeds. Addition of the amino acid, cysteine, 
which contains the sulfhydryl grouj)8, resuscitated pea seeds that would not germinate 
following copper treatment. Measurements of oxygen uptake by ground pea and spinach 
seed showed tliat pea. respiration was retarded by cojjpeiwbut that spinach respiration was 
not. Pea embryos from treated seed had lower fresh -find dry weights than the clieck. 
Th<* s|*ecificity is interpreted as evidence that the respiratory system of cabbage, cucum¬ 
ber, and pea is catalyzed by enzymes requiring the sulfhydryl group while the respiration 
of beet, eggplant, pc])per, and spinach is catalyzed by an enzyme reqtiiring copj)ei‘. 
Effects of chloranil and tetramethyl-thiuram-disulphide could be interpreted similarly. 

Disnnguishing Permeation from Toxicity of Fungirides. Horsfall, ,1. G., K. W. 
Hakkatt, and A. Griks. Usually, toxicity data do not distinguish between pei jneation 
of the chemical into a. cell from damage to its contents. Sodium sul])hate and other 
monovalent electrolytes known to iucrcase permeability of c<*lls have been found to in¬ 
crease the ymtency of disodium ethylene bis dithiocarbamate and o-(juinone dioxino* to 
Marrosyorinm sarcinaeformc. That this is due to increased jicrmeability and not to 
increased toxicity is indicated by the fact that the eft*(‘ct can be counteracted by calcimn 
and other divalent electrolytes which are known to reduce the jiermeal/ilily <‘ff’ects of 
sodium salts. If the toxicant is ludd constant and sodium sulphate is im'reased, potency 
waxes and wanes periodically, but the wavy curve can be lectitied l>y ^’arving conconii 
tantly the amount of calicnm. Assuming that the effect is due to variations in penm* 
ation through a colloidal gel, in this case the cell wall of the spore, the periodic character¬ 
istic resembles the iihenomcnon in Tfiesegang rings. Zinc snlpliate can symugize disodinm 
♦•thylene bis dithiocarbamate^ by liberating sodium sulphate into thc'iuc'dium as the zinc 
salt is btdng formed. The toxicity rises with addition of zinc sulphate until all the Xa 
has been replaced, despite the fact that the zinc salt is less }»otent than the sodium salt. 
Apparently, the increased pe^nneation more than counterl)nhinees the reduced to.vicity of 
tin* zinc salt. Galcium in the mixture, however, antidotes much of the effect. 

Jnt* raetions of Concenirationf Pressure, Time, and Orifee in Spraying. Horsfalt., 
d. G., Xr^ELY Tlrner, and A. 1). McDonnell. The interactions of the factors in spray¬ 
ing were stmlied by applying varialde amounts of material per acre. As tin* amount of 
Bordeaux mixture on potatoes or calcium arsenate on beaus was iucreas(‘d, the rate of 
de])Osit increase was in the following order: concentration > time > x>ressurc > orifice 
diameter. Deposit increased more rapidly with short tlian Avitli lojig spray time, with low 
than Avith high pressure, and with small than Avith large orifices. Using a balanced tri¬ 
angular design Avilu concentration constant, calcium arsenate de])ositt‘d best on potatoes 
with high ]>ressnre, short time, .and small orifices. De|)Osits, hoAvevt*!-, may liave diffeient 
tenacity and coverjsge as a function of technique. The bigger the dejiosit of calcium 
arsenate, the faster it washed off in the rain. Apxdications Avith short spray times, there¬ 
fore, washed more rapidly than those from long spray times and this tended to nullify 
the advantage in original deposition. An attempted assay of coverage Avas ma(l(‘ Avitii 
the log-probit dosage-response curve using Bordeaux mixture ami leaf burn on potato. 
The lal>oratory conclusion that good coverage should be evinced by a steep slope Avas not 
i'onfivmed because of the strong concave curvature Avhich presunia,l.)]y resulted from the 
fact tliat the big deposits washed more rapidly than the smaller. 

Dutch Elm Disease Studies in Massachusetts During 1945. ^McKenzie, M. A. As of 
December 1, CeratostomeUa ulmi (Schwarz) Buismaii, the causal fungus of tlie Dutch elm 
disease, Avas isolated from .11 additional trees or wood samples during 1945 in Massachu¬ 
setts. A total of 74 confirmations by culture for the fungus have been made since 1941: 
Berkshire Goviutv 54, Hampden County 18, Hampshire County (first report) 2. In all 
locations where the fungus was found during the year detailed surveys Averc conducted 
and related beetle-infested bark w^as burned by property OAvners, toAvu tree Avardens, city 
foresters, State dejiartmeuts, public utilitie.s,"aud other cooperating ageuci(*s and iiidi- 
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vidvials. As supplements to this control effort, suggestions were furnished tree owners 
concerning the general health of elms, spray programs for the control of leaf-feeding 
insects and particularly for the reduction to a minimum of the elm bark beetle population. 
Accordingly, the record of attempted control is indicated briefly. In general a few* dis¬ 
eased trees have been found in succeeding years after the first afflicted tree was reported 
for a town, but increase of the disease has not been extensive. In the city of Westfield, 
the first diseased tree was found in 1942; a second tree was found affected in 1945. In 
the town of Alford, the fir.st diseased tree was found in 1941; 2 additional ones -were 
tound in 1944. In the town of Richmond, 7 trees were confirmed for disease in 1945; 
appavently some biiild-uj) of the fungus occurred there before any diseased trees were 
touiub In urban areas the amount of activity of the citizens is believed to be an impor¬ 
tant factor in disease increase, wliile in rural areas storm damage sometimes suddenly 
creates fibundant material suitable for breeding by bark beetles. The increased nse of 
oil as f uel in the postwar period may be an aid to disease control, if storage of elm as 
fuebvood is thereby reduced. 

Apple Lmf Structure in lielation to Ptmtration hy Spray Solutions. Palmiter, 
11. H., E. 4. Roberts, and M. 1). SorTiiAvicK. Spray solutions containing minor ele¬ 
ments, nitrogen, ^‘hormones, ^^ and organic fvingicides have been applied as foliage sprays 
to apple trees to reduce nutritional deficiencl(*s, prevent fruit drop, or increase resistance 
to disease. The fact that sindi applications liave given results showed that they had pene¬ 
trated the leaves and raised the question ot how penetration occurred. Standard micro- 
cliemical technique for differentiating Indween ciitin, cellulose, and pectic substance 
showed the avenue by which water-soluble materials might pass through the cuticle and 
surround trie epidermal and interior cells. The apple h‘af cuticle was not a solid mass of 
••utin but a laminated tissue cimiposed of discontinuous layers of cutin, cellulose, and 
IM'ctic materials. The stains sliowed a continuons avenue of poctinaeious substance from 
the exterior of the cuticle to the epidermal cells and vein extensions. The penetration 
<»f apple leaves was demonstrated by placing cut terminals in a 0.5 per cent solution of 
ferric sulphate and spraying the leaves with a 0.3 per cent solution of sodium dimethyl 
dithio carbamate. As the sulphate, taken up by the stem, reacted with the carbamate, 
taken through the cuticle, a black precipitate formed from the cuticle along the veins and 
into the stem. It was most dense in areas of greatest ])ectic content. 

Effect of Inoryanic Fertilizers on Defoliation of Xew JlaynpsJiire Victor Tomatoes 
hy Alternaria solani. Rictiards, M. C., and R. C. Jones. In earlier investigations, 
tomato varieties having a lieavv fruit t(» lejif ratio defoliated earlier than those with a 
liigli leaf to fruit ratio. The leaves a]>peared to b(‘come susceptible to attack 1)y the 
]>athogou ns the nutrients wi're drained from the leaves by tlie rapidly developing fruits. 
In 1944 and again in 1945 attempts were made to supply tin* roots of the test plants with 
nil (‘xcess of N. P, and K so that a higher level of these nutrients could he maintained 
in the loaves during the fruiting ]>eriod. 'Fhe New' Hanqishire Victor tomato variety was 
iisetl, as it fruits abundantly and def<diates severely. Inorganic nutrients of N, P, and K 
were added to the soil at the base of each jdant, about (5 inches deep, when the plants were 
s(‘t in tin* field from 3-inch ])ots. The tests were arranged in randomized blocks with live 
r(*plications j)<*r treatment. In one block aiiiinoninm nitrate, cMlcium cyanide, ammonium 
sulphate, sodium nitrate, and Pramon (urea'i were used as N sources and applied at the 
rate of 109 iionnds of X ])er acr^* plus PA)-., 75 pounds, and KA), 45 pounds per acre. In 
other tests the N--P-K ratios were varied from 0-2-1.75 to 4-2-1.25, the nitrogen varying 
from 0 to 17, 35, 70, and 140 pounds per acre, with P and K r(*maining as given above. 
In further t(*sts the total pounds of X, P, K per acre w^ere varied. In general, there was 
an increase in the total fruits ]ier plant with increases in nutri(*nts applied. As a result, 
the high fruit to leaf ratio was maintained, and defoliation was as heavy on the.se as on 
the checks. Although abundant soil nutrients Avere available, a limited number of tissue 
tests did not reveal increases for X, P, or K in the leaf p(*tioles. 

Control of Alternaria JUiyht on Tomatnrs u ith Fiinyicides. Ru hards, M. C., and 
R. C. Jones. Six applications for each of eighteen fungicide treatments were made dur¬ 
ing the 1945 season on Noav ITanipshirt* A"ict(»r tomatoes to control Alternaria solani. 
Single hill units with ten replicates for each treatment used Avere arranged in a random¬ 
ized block. The concentrations of the materials used and their effect on control of defoli¬ 
ation Avere as follows: Dithane (disodinm etliylene bisdithiocarbaniate) (^-100 4- ZnSO* 
and lime**), Pviratizcd (phenyl mercuri triethanol ammonium lactate) (1-20,000**), 
Bordeaux (3-3-50**), Zerlate (zinc dimethyldithiocarbamate) (2-100**), Copper oxy¬ 
chloride sulphate (fi-100**), Phygon (2,3-dichlor()-l,4-naphthoquinone) (1-100**), Fer- 
mate Dust (ferric dimethyldithioc.arbamtae ) (10-90*), Tribasic CnSO< (3-100*), Spergoii 
(tetrachloro-j>ara-benzoquinone) (1-100*), Fermatc + I>T3T (2-0.6-100), Ferinate (2- 
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100), Fermate (1-100), Fermate Dust -f-DDT (10-3-87), Bismuth subsalicylate (1^-100), 
Fermate (1-100) + sticker, Q15 (lauryl isoquinolinium bromide) (^-100), No Fungicide. 
Average weights in pounds of marketable fruit per plant for each treatment were; Zerlate 
(8.20**), Puratized (7.93**), Phygon (7.70**), Fermate 2-100 (7.47**), Tribasie CuSO^ 
(7.34**), Fermate 1-100 (7.09*), Bismuth subsalicylate (0.30*), Fermate 1-100 + sticker 
(6.00*), Dithane (6.00*), Fermate Dust (6.00*), Fermate + DDT (5.80), C.O.C.S. (5.67), 
Bordeaux (5.50), Fermate Dust f DDT (5.30), No Fungicide (5.00), Spergon (4.80), 
Q15 (3.98). None of the fungicides prevented eventual complete defoliation by Altrr- 
naria. Definite injury to foliage was noted with Dithane, and stunting of the plants was 
indicated with Bordeaux and Copper oxychloride sulphate. 

** Highly significant (99: 1). 

* Significant (19: 1), better than ^‘No Fungicide. 

The Incidence of Common Scab on Green Mounta^i Potatoes in Soils at Different 
pH Levels, Steinmetz, F. H. A field which had been|in sod for a number of years was 
fall plowed and laid out into plots to which agricultural lime and finely divided sulphur 
were applied in order to establish plots with calculated pH levels as follows: 4.5, 5.0, 5.5, 
6.0, 6.5. The 4.5 pH series received 2000 pounds of sulphur ])er acre, the 5.0 pH series 
received 1000 pounds. The 5.5 pH series was not treated l)ecause the soil approximated 
this pH level. The 6.0 pH series received 2000 pounds of calcium carbonate per acre, 
while the 6.5 ]>H series received 4000 pounds. One series of these treated plots received 
600 pounds of sulphur ])er acre. The amendments were applied only once, in tlie spring 
before planting the initial jiotato crop. The i)otato crop failed the first year on the j)lots 
receiving 2000 pounds of sulphur and was suj)pressed on the plots which received 1000 
pounds. After the second potato crop the suppressing effect of sulphur was not marked. 
The plots which received the 600 pound rate of sulphur produced good yields of scab-free 
potatoes each year. During the first crop year none of the plots produced Si'abby pota¬ 
toes. After 10 years, the increase of scab was in direct relation to the increase in pH 
level above 5.5. At present the plots with the original pH levels .adjusted to 6.0 and 6.5 
produce nonmarketable scabby potatoes. 

Soil Applications of Oxi/guinoUn Tienzoate for the Control of Foliage Wilting in 
Elms Caused by Graphinm idmi. Stoddard, E. M. Elm trc'cs, 1.5 inches D.B.H., were 
treated in lots of 10 trees each with an aqueous solution of oxyquinolin benzoate in con¬ 
centrations of 0.1, 0.05, 0.025, and 0.012.5 per cent at the rate of 10 gallons per tree, 
applied to the soil. Each concentration was .applied as a single application of 10 gallons 
and 5 applications of 2 gallons each on alttunate days for 10 days. Duplic.ate series of 
applications were made 10 days before and 10 days after inoculation of the trees with 
Graphinm ulmi. A concentration of 0.1 f>er cent reduced the trees that wilted to 27.5 
per cent as compared to 73.4 per cent on the checks. IMots treated with this concentra¬ 
tion uniformly had fewest tr(H*s wilting ;ind the least wilting per tree, irrespective of 
manner or time of trtmtiuent. The plots treated with a single dose at all concentrations 
h:id more trees wilting and less wdlting per tree than plots treated with multiple doses. 
There was no difference between plots treated l>efore and after inoculation, either in 
number of trees wilting or the amount of wilting p«‘r tree. From the fact that Graphinm 
ulmi was isolated from an jvpproxiinately eqv.al number of trees in all the treatments and 
the cliecks, it is suggested that the effect of the oxyquinolin bejizoate was due to anti- 
doting of the fungus toxin causing the wilting and was not due to fungicidal action. 

Glyoxalidine Derivatives as Foliage Fungirides: Laboratory Studies. Well¬ 
man, R. IT., and S. E. A. McCallan, 3'he glyoxalidine or imidazoline nucleus is: 
HN-CHtrN-CHa-CIIa. rSixty-fivo glyoxalidines containing substituents in tlie 1- or 2- 


positions were examined. In laboratory slide-germination tests, maximum fungistatic 
action is achieved with glyoxalidines h.aving a straight chain substituent containing 13 to 
17 carbon atoms in the 2- position. Substituents in the 1- position such as hydroxyethyl, 
aminoethyl, or butyl do not markedly affect fungistatic action. The various glyoxalidines 
are removed from solution by spores (or charcoal) in amomits proportional to their fungi¬ 
static action. Their action is fungistatic and not fungicidal. Addition of oil or lead 
arsenate increases fungistatic action in laboratory tests. The 2-heptadecyl glyoxalidine 
is inherently tenacious in thin films on glass slides. In greenhouse experinients maximum 
phytotoxicity is reached with the 11 carbon atom side-chain in the 2- position. The ratio, 
liighest concentration giving no plant injury over LD50, for 1-hvdroxyethyl 2 imdecyl 
glyoxalidine is 13.5; for 1-hydroxyethyl 2 heptadccyl glyoxalidine it is 1450. Side chain 
ujisaiuration increases phytotoxicity as does increasing length of chain in the 1- position. 
Qualernary-animonium addition compounds were as fiinglst.atic and wore more phytotoxic 
and less water soluble than parent compounds. These materials were idiytotoxic to toma- 
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toes at concentrations which would not control late blight, and they were moderately 
effective against snapdragon rust though not phytotoxic. 

Glyoxalidine Derivatives as Foliage Fungicides: Field Studies. Thurston, H. W., 
Jr., and J. B. Harry. The following compounds: 2-hoptadecyl glyoxalidine (C.P.I. No. 
341), I hydroxyethyl 2'heptadecyl glyoxalidine (C.P.I. No. 337) and 1-aminoethyl 2-hepta- 
decyl glyoxalidine (C.P.I. No. 630) have been studied in the field for five years. Crops 
and diseases under observation included roses (black spot), potatoes (late biight), apples 
(scab and rust) and sour cherries (leaf spot). On roses, Nos. 337 and 341 were tested 
and gave only fair control of black spot. On potatoes. Nos. 337 and 341 were tested and 
failed to control late blight; the compounds probably were injurious; and potato yields 
were not equal to those from Bordeaux plots. On apples, all three of the glyoxalidincs 
gave scab control equal to the standard lime-sulphur spray program. The glyoxalidincs 
gave less injury, especially to the foliage, and satisfactory color and finish to the fruit. 
The 2“heptadecyl glyoxalidine was compatible with lead arsenate, nicotine sulphate, and 
summer oil on apples and also controlled cedar-apple rust better than sulphur although 
not so well as Formate. Four years ^ consecutive trials in Pennsylvania showed 2 hepta‘ 
decyl glyoxalidine (341) to be superior to other fungicides tested, including 2-8-100 
Bordeaux, in controlling the defoliation of sour cherries (Montmorency) caused by leaf- 
spot. Although this resulted in somewhat duller color, there was no reduction in size of 
fruit such as that brought about by Bordeaux. 



REPORT OF THE THIRD ANNUAL MEETING OF THE POTOMAC 
DIVISION OP THE AMERICAN PHYTOPATHOLOGICAL SOCIETY 

The third annual meeting of the Potomac Division of The American 
Phytopathological Society was held February 19 and 20, 1946, at the Plant 
Industry Station, Beltsville, Maryland. Officers elected for 1946-47 were 
E. E. Clayton, President; V. F. Tapke, Vice-President; W. F. Jeffers, 
Sreretary-Treasurer; and R. J. Haskell, Couneilor. 

ABSTKACTS OF PAPERS PRESENTED AT THE THIRD ANNUAL MEETING 
OF THE POTOMAC DIVISION 

f 

Soil Fumigaiion against the Golden Nenjatode. (^'hitwood, B. G. The product D~I) 
api^ears to he the most economical and effective soil fumigant used against the golden 
nematode of potatoes. Hand apjilication of D-D at 425, 850, and 1700 lbs. an acre gave 
fumigation efficacy of 0.999, 0.996, and 0.999, resjiectively, with odds of 99: 1 that treat¬ 
ments were better than 99, 98, and 99 per cent effective. Experimental plots were sur- 
roundt‘d bv clean fields. Hand application of D-D at 425, 675, 850, and 1275 lbs. an acre 
gave efficacy of 0.974, 0.982, 0.985, and 0.989, respectivedj, with 99: 1 odds that treat¬ 
ments ivere better than 94, 95, 96, and 96 per cent effective. Plot.s were surrounded by 
infested holds. Machine-applied D-D at varied dosages per acre on 2 half-acre subjilots 
per treatment gave the following efficacies: 452 llis.—0.998 and 0.994 (better than 97 per 
cent); 6;H lbs.—0.974 and 0.983 (better than 93 per cent); 858 lbs.—0.928 and 0.986 
(better than 83 per cent); 930 lbs.—0.987 and 0.716 (second ))lot a failure); 1213 lbs.— 
0,991 and 0,973 (better than 93 per cent). Total overall efficacy was 0.938, with 99: 1 
odds that treatments were better than 86 per cent effective. Thm-e were 15,255 females 
observed in controls, 953 in treatments; of the latter, 693 were in one subplot. Mt*cliaui' 
cal failure might explain the single exceptional snliplot. 

Aerosol Treatmenis for the Control of Tobacco Blue-Mold Disease, Playton, E. E. 
Tht* lienzyl salicylate-cotton.seed oil blue-mold spray has been adapted to tin* aerosol type 
of treatment and used successfully 2 years. The concentrate us(*d'was benzyl salicylate 
4 ounces and cottonseed oil 1 gallon. By one method cartridges were loaded with 40 jier 
cent concentrate and 60 per ccmt Freon. By another method small high ])ressnre sprayers 
wen? loaded with a mixture of 43 per cent concentrate and 57 per cent acetone. Air 
pressure in the sprayer was adjusted to alxnd 110 pounds. The rate of application was 
controlled by regulation of the spraying time. I8mall plants received 6 minutes spraying 
per TOO s<|uare yards and large ])laiits up to 14 minutes. Excellent blue-mold eontrol was 
secured. 

Tobaeeo liesistant to liitot Knot and Nematode Boot J\of, Clayton, E. E., and 
T. W. Graham. Root knot {Eeterodera inarioni^ and nematode root rot {Pratylenehus 
sp. ) are common and serious tobacco diseases through the Hue-cured region of the South¬ 
east. Search for resistance yielded one collection, T.I. 706, from which genotypes w(*ro 
selected that were highly resistant to both root knot and nematode root rot. This resis 
tance has been consistent under the most severe field conditions in widtdy scattered hx'Ji- 
tions. The full resistance was recovered after a cross with susceptible tobacco and after 
1st and 2nd back crosses. Studies of back-cross lines showed segregation in all F.., lines, 
lull some F* lines were homozygous for resistance. Homozygous F, and F.. lines have been 
seenved for the 2ud back cross that appeared slightly more resistant to both root knot 
and nematode root rot than the original selection, T.I. 706. 

Stfawbcirp J iriis %n Faslern Gniied States, Dkmaree, »1. B. I'relimina-ry studies 
indicate the pre.sence of a virms disease of the yellows type in strawlx'rries in Eastern 
United 8tate.s. ^ ],)istribution aiui prevalence have not been fully determined. There is 
some vein-clearing as well as a chlorosis of a transitory character in some varietie.s 
appearing (if at all) in spring and fall, but the most pronounced and constant symptom 
is dwarfing due to short and horizontal growth of the petioles. Some varieties appear 
to l»e .symptoniless carriers. Artificial transmission by the stolon-grafting method in the 
greenhou.se has been used during the past 3 years with a few eastern named and nameless 
varieties. The variety Marshall has proved satisfactory as an indexing plant. 

BaU of Spread of Bhicherry Stunt in a North Carolina Field, Demaree J B "I’he 
rate of spread of stunt (a virus disease) of blueberries varies greatly in different sections 
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and ill fields in the same section. Its natural rate of sprctid is moderate to rapid in Isew 
Jersey, very rapid in some fields in North Carolina, and low to nil in MaasachuNetts, 
Michigan, and New York. Kate of dissemination in fields is undoubtedly associated with 
the presence and abundance of a vector. A part of a rectangular blueberry field (con¬ 
sisting of 10,000 plants set in lOiiO) was surveyed for 4 consecutive years for rate of 
spread of the disease. In lieu of surveying the entire field, 3 widely separated 10 ro^v 
blocks of 600 bushes each were selected for surveying and designated as blocks 1, 2, and 3. 
lllock 1 was laid out across the field near one end, block 2 was a section across the middh^ 
of the field, and block 3 was across the opposite end. Rate of spread of the disease in 
the 3 blocks from 1942 to 1945, inclusive, as indicated by percentages of affected plants, 
was as follows: Blorh 1—1942, 9.0; 1943, 23.3; 1944, 31.7; and 1945, 47. Blocic .^—1942, 
4.7; 1943, 13.7; 1944, 23.7; and 1945, 47. BlocJc 1942, 0.7; 1943, 1.5; 1944, 3.3; and 
1945, 7.8. A few infected bushes were known as early as 1940 in block 1. The disease 
8])read rapidly in that end of the fitdd, and now nearly 50 per cent of the plants ovm* at 
least half of the field are affected. After 6 years it has also become well established 
at the opposite end, a distance of about 200 yards. 

Oci'urrnicv of a Strain of Tobaaco-Etch Virus on Sweet Beppers in the Field. Doo¬ 
little, S. P. Sweet peppers in Maryland and New .lersey occasionally have a virus 
infection which mottles the young leaves with snuiJl ring markings. Older l(‘avi‘s may 
have large, necrotic rings and eventually drop. Fruits of such plants often have large, 
concentric ring patterns and drop before maturity. These symptoms are largtvly confin<?d 
to straluvs of the varhdy California Wonder and seldom appear on World Reater. A strain 
of tobacco-etch virus has been pri'sent in such plants. Inoculations with this virus alone, 
or in combination with the ordinary tobacco mosaic virus or the cucumbcr-mosaic virus, 
have not produced ring markings of the fruit or leaves, although etch virus alone has pro¬ 
duced It^af mottling similar to that seen in the field. When peppers are inoculated with 
both the etch and the tobacco-mosaic viruses, however, the leaf-mottling resmubles that of 
etch virus alone, but there is severe defoliation of the plants. Fruits yellow and shrivel 
and have small, raised areas that produce a pebbh^d app(?arance. Fruit symptoms appear 
on California Wonder but rarely on World Beater. A disease of this type has ('aused 
serious losses in the field. With the combined infection, the defoliation has been more 
rapid than that sometimes caused by tobacco mosaic alone and, while the lattci* virus 
occasionally causes some yidlowing and shriveling of the fruit, the fruit symptoms caused 
by the combined infection have been more consistmitly severe and of a typical character. 

Iliph Resistance to Common Tobacco Mosaic in Certain Lines of Lycopersicon hirsn- 
turn. Doolittle, S. P., W. S. Porte, and F. 8 . Heecuek. The wild tomato species, 
Lycopersicon hirsutum Humb. and Bonpl., is very tolerant of both yellow and green 
strains of the common t(»ba,ccomosaic virus. The majority of plants inoculated liave no 
symptoms, but virus is present in such plants in varying and fairly high concentrations. 
In 1941, however, two plants without symptoms when inoculated with a yellow strain of 
the virus, were found to be virus free when tested by Inoculations on Nicotiana fflntinosa. 
Further inoculations jiroduced no infection and cuttings from the plants have been carried 
as clonal lines. Continued inoculations, chiefly with yellow strains of the virus, have pro¬ 
duced no infection in any of the 38 cuttings of one line tested during the past 4 years. 
All x>lants w(;re young and growing vigorously and often were inoculated more than once. 
In the second line, 5 of 42 cuttings have had a trace of virus after inoculation but inocu¬ 
lations of the remaining plants failed to cause infection. Owing to diflicnlty in securing 
seed from L. hirsutum, trials with seedling progenies of these lines have been limited, 
but 21 of 58 sc^edlings tested hav<? had no infection. Crosses between these lines and 
varic'ties of the cultivated tomato have yielded tolerant individuals, but none have had 
the high resistance of the wild parents. 

Factorial Studies on THtliane Fins Zinc Sulphate-Lime: the Reaction Froduci'^ 
{Zinc Ethylene Bisdithioearbamatc). Hettberger, J. W. In 1943 the addition of zinc 
snlphato and lime to Dithane (disodium ethylene bisdithiocarbamate) increased the con¬ 
trol of potato early blight from 5 to 90 per cent and increased yield from 154 to 220 bn. 
ail acre. Factorial stndii'S in 1944 on potato early blight sliowed that the addition of 
lime alone to Dithane did not increase control, that the addition of zinc sulphate alone 
markedly increased control, and that the addition of both zinc sulphate and lime was 
slightly less effective than adding zinc sulphate alone. This result suggested tlie prepa¬ 
ration of the reaction product of Dithamv-ziiic sulphate, a white flocculate, as a dry 
powder. Such a pre])aratioii was made, at the writer ^s request, by tlic Rohm jind Haas 
Company in 1945. The flocculate was filtered, dried, and brushed through a flne-mesh 
screen. Control of potato early blight in 1945 was: Check, 0 per cent; Dithane, 15; 
Dithane plus zinc sulphate, 87; Dithane plus lime, 15; Dithane plus zinc sulphate-lime, 
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80; Kcuction Product powder, 87. Yields were, res]>cclivt*ly: 70, 93, li^C, 101, 157, ^Jid 
178 bu. an acre; yield witli Bordt*aiix was 135 bu. an acre. No injury was observed from 
the Reaction Product powder, which, chemically, is zinc ethylene bisdithiocarbamate. 

Apparatus and Small Scale Field Vlot i>esUjn for Fvahtalinp Fungicides on Vege- 
Uihles, Hkubergkk, J. W., and T. F. Manns. The pathologist who deals with field 
screening of numerous potential fungicides is faced with tw'O jiroblems: (1) the most 
(dTicient apparatus and (2) the most economical plot design. Where 50 or more com¬ 
pounds are evaluated in replicated, randomized block d(*signs it is obvious that com¬ 
mercial sprayers or dusters require too large a plot size; kn.'ipsack sprayers and dusters 
require too liigh a labor output. Apparatus and ])lot design used in Delaw'are is as 
follows: A 31.-gallon-perminute punqi, operated by a small air cooled motor, is mounted 
on skids. This is transported in a two wheel trailer of sulTicient size to carry 500 ft. spray 
hose, 500 ft. garden hose, five 15-gallon barrels, sj)ray booms, etc. Sprays are mi.xed in 
15-gallon barrels; as one is sprayed out the other is pre}>arod. Spraying is done with a 
liand boom having 2 nozzles on top and two at thf^ sides. IMots are laid out in a long 
rectangle having one block on each side of a ceutef driveway, and each l>loek is divided, 
thus making 4 replicates. Replicate size is 20 plants for jnitatoes and 1.3 plants for 
tomatoes. The apparatus and plot design permit application per lunir of 12 to 10 treat¬ 
ments on potatoes and 8 to 10 on tomatoes. 

Jnv( sUgaiurtis on ihe Fossihle Growlii-Regidaiing FffecI of Several Fnngieldes. 
Je'’FKKs, WAi/rKR F. Tn the course of testing fungicides as dii)s for seed sweest f>otatoes 
it was observed that several materials caused a signilicant increase, over uontreate<l roots, 
in the number of sprouts produced, even wlnm disease control was ajjparently not a 
factor, 'Po test the possibility that some fungicides liave a stimuhatorv effect on plant 
growth, several experiments on the application of such materials to bean i>lants were 
conducted. 8peigoii (tetrachloro parabenzoquinono) was the only mrjteuial, which when 
applied either in lanolin or (jarbowax 1500 to the stems of beans,"consistently gave posi- 
tiv(5 eiirvalures. This curvature was very slight as couqmrcd with timt ])roductM] by indole 
acetic, acid and 2 4-dicliloro pli<*noxyacetic acid. Several fungicidal materials wt*re toxic 
when applied in th(‘, above manner; 1 milligram being the amount applied. As la'an 
plants wer(^ not entirely satisfactory for this study, pieces of sw(‘et potato were di])ped 
ill Spergoii and in water and iiicubati‘(l for 9 days rit room tenqierature. Spergoii stiinu 
laied root growth and cell proliferatimi. 


'Heglonal Differences in Kesislance of Uevea Seleetions to South American Leaf 
Llif/ht. 1/ANOt’OKi), M. n, Ifevea rubber seedlings and clones assmnblod from manv 
j»art.s of the world have been exi>os(*d t(» Bouth American leaf Idight (Dotkidella iilei) iii 
widely scattered tropical American nurseries during the past five years. Bensitivity of 
the fungus to weather eonditions, togethe*- with regional variati(»n in dis(;ase s<‘VeVitv, 
empliasized the need of tliorough resistance tests in more than one locality for rcliaido 
selection work. (Iroups of clones from several widely 8v)>arated areas of the native habi 
tat of llevea have been giaiwii under comparable exposure to blight in regiou .,1 test plots 
111 Oosta Rica, Fanama, Trinidad, Brazil, and Fern. Likcwvise, laigt* populations of Hev(‘a 
seedlings from jungh* fives have oeen tested at the jilace of tlioir origin and in other 
areas. Bofli clones and siM^dlings that have proved highly susceptible in some areas hav(‘ 
been damaged slightly or not at all in certain other areas. Froloiiged (‘ximsiire however 
has brought many cases of incren.sed disease severity as variants of tln^ fungus aimeared' 
Borne clones have proved highly siiscej.tilde to practically all regional populatioiis of the 
fungus, otliers have been susceptible to certain variants onlv, and still otliers—now 
jivoniuvemkHl for commercial use—have been highlv resistant in all areas 


Golden Kematode on Comnorcial Fotaioes. Maciimf.r, J. IT Examination of 
gi adral tubers and accompany mg soil from heavily infested fields has shown Uiat such 
poLiKms as prepaTcd for shipping may co^ain up to 379,500 golden nematmle evsts pm' 
carload. Attenipts to eliminate cysts in adherent soil and attached to tubers, by a combi¬ 
nation of dry brushing and washing, succeeded in removing 86 per cent of the evsN 
Jet-washing tested in a preliminary way removed 90 per cent .f the cysts A hither 
percentage reduction in cysts l.y jet washing might be olitaiiied with improiu^d technic 


nUal Is Act Auvro.w.v of foiafof Manns, T. F. Bevere not necrosis has been 
observed many times in tlm (Viitral rmd Fastern States by the writer during Hie mtt 
..5 years during seasons of much leathoppor injury. Pathologists in northern notato- 
seed-growing states associate net necrosis with l(‘af roll tlioneh tUov i A poiato 
ar.., «»t. in the final stages of leaf roll. AplU'anVort,? W 'a *t.terth5'"Jt 
nc-osm ^vaH not a, ret,able svn,,,ton, of leaf roll. EntomolOKiats’, as I hnowfhavi 
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never jissoeiated net necrosis with leaf hopper injury. lteeei»tly Bcverin has shown tliat 
ii hopper may produce necrosis in heet with no virus*present. In 1945 in a compatibility 
test of DOT with other sprays, two varieties of potato, Ool)bler and Sebago, were novtherii 
grown and certified; two varieties, Green Mountain and Ihmtiac, were Delaware growji 
and 50 p(‘r cent of tubers had severe net necrosis. An experiment inchuh'd four sprays 
with (a) DDT, (b) DD'r ])lus calcium arsenate, and (c) nnsprayed. The yield from tiie 
DDT plot WTis double that from the unsprayed plot. No leaf roll developed in the pot a 
toes affected with net necrosis. Fortunately no fungus disease complicated the pictnrt'. 
]j<‘afhoppers reduced the yield 50 per cent and net necrosis developed rapidly on the 
misprayed potatoes in storage. Tlie evidence is that net necrosis is Jeafhopper injury. 

The Eff(cl of Fuufficifh ft and Growth Substances on Faster Lilt/ Hnlb Vroduction in 
the Field. McClellan, W. D., and Neil W. Stuart. In August, 1944, IDS Faster 
lily bulbs (U.S.D.A. Clom* 6, whicli is relatively resistant to Fusarium basal rot), aver¬ 
aging 8.0 inches in circumfertmee, were scaled and tin? scales treated with talc, Aras;u) 
(tetiamethyl tliiiiram disulfide), or Fermatc (ferric dimethyl dithiocarbamate), alone or 
containing 0.1 or 0.02 per cent of naphthaleneacetic acid (NA). The scales were planted 
iji a. 3 by 3 factorial in 5 bulb units in 7 randomized blocks in the field at Deltsville, 
Maryland. The bulbs were from 3 sources: (1) forced in Tlaydite in 8ul>irrigated beds; 
(2 ) forced in soil in pots; and (3) grown continuously in the field. In August, 1945, the 
bulbs Avere harvested, graded, couut<*d, and weighed. There were no significant differ- 
enees in tlu^ amount f)f basal rot ixdween treatments. However, the greatest amount of 
basal rot occurr<‘d in those bull»s having the Haydite history (I), less in those with tlie 
greenlu>iis(‘ i)ot history (2), and none in those with the field history (3). Numbers of 
bulbs producxul j>er Itio scales were as follows: talc, 393; 1 : 1000 NA-talc, 309; 1: 5000 
NA-talc, .‘579; Arasaii, 513 ; 1 : 1000 NA-Arasan, 538; 1 : 5000 NA-Arasan, 418; Fernmte, 
4<S8; 1: 1000 NA Fermat(', 515; 1:5000 NA-Fermatc, 45(). Differeuces b(‘tweeu treat" 
immts were greati'st with the Haydite-history bulbs (1) and least Avith tlu^ pot-history 
bulbs (2). In 1943 and in 1944 Easter lily bulbs Avere treated with finigicides and 
eombiuations of fuiigieides Avith growth substances (10 different treatments in ,1943 and 
17 in 1944), but wIumi the bulbs were liarvested no one treatment could be rated as 
superior to the iiutresited controls. 

The Fffeet of Funfjieidedtrotvlh-Snbstanee Conibinations on IJerbaceons Cuttintfs. 
M<'(3.kllan, W. D., ami Neil W. Stuart. In an attempt to reduce losses due to rot, 
with fungicides, cuttings of geranium, sna|>dragon, chrysanthemum, and carnation were 
s(‘t in sand after (li[j]>ing in dry talc, Spergon (tetrachloro parabonzoquinone), Arasau 
(tetramethyl thin rain disulfide), and JMiygon (2,3-dichloro-l,4-napthoqumone) alone or 
containing 0.1, 0.04 or 0.02 per cent of naphthaleneacAdic acid, naphthalene acetamide, or 
indolebutyric acid. Tlu' threi* fungii'ides reduced the percentage of rooting in all sj>ecii‘8 
<*xcept geranium. Fndiluted Arasau severely injured chrysanthemum but not carnation 
< uttiiigs. Sj)ergon, lio\>ever, was not injurious to chrysanthemum but severely injured 
carnation cuttings. Inclusion of 0.1 jier cent of the groAvth sulistances in the fungicides 
increased ]>(Tcentage of rooting in tetraploid snapdragons and in (me variety of chry- 
siinthemum (puttings. Jn general naphthaleneacetic acid Avas the most etfectivi' of the 
groAvth substances. In other tests, dilution of Arasau and Fermate Avith talc (dilutions 
containing 1 to 20 per cent fungicide) prevented reduction in x>ercentag»‘ of rooting of 
chrysanthemum and geranium cuttings. Addition of growth substances to the talc-fungi¬ 
cide mixtures increased the percentage and amount of rooting. Fiidilnted Fermatc, Sper¬ 
gon, and Arasau used on poinsettia cuttings produced rooting and vigor ratings of 177, 
139, and 107, respectively, as compared Avitli T5(> for talc. There was an insufficient 
amount of cutting rot in any of the tests to juumiit any c( nclusions as to the fungicidal 
value of the materials. 

Golden Nematode as a Quarantine Vroblem. M(’CuBni.v, M’. A. In 1944 a survey of 
potato fields in 19 northeastern States indicated that this iiotato root jiarasite is jirobably 
not long or widelv established elsewhere than in Jiong Island. In 1945 intensive survey 
in all Ixmg Ishuid potato areas disclosed no infestation except in 5 additional farms in 
the infested area environs. A quaniiitine established by the State of New York in 
March, 1944, and revised February 15, 1946, controls outward movement of nnrsiny stock, 
rooted plants, and topsoil, roquirtii the cleaning of transported tools and implements, and 
restricts potato shipment to New York City or to chip and starch plants. A plan iioaa^ 
under discussion proposes to prohibit potato and root crop production on inf fasted land 
and give it a D-D treatment to minimize spread. Prospects for successfully dealing with 
this pest in the years to come are uncertain. The nema may have been introduced from 
abroad into otlnV areas as yet undiscovered; early potato shipments from infested Ijong 
Island farms may aViv'ady Inwe carried this x>cst elscAA'here; and, finally, no knoAVii method 
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of survey can detect small, incipient outbreaks except bj cliance, so that new centers may 
remain undiscovered until well developed. 

Progress on Tropioal American Muhher Planting Through Disease Control, Kands, 
R. I). Hiiice 1940 the U. S. Department of Agriculture has conducted cooperative research 
and furnished technical guidance to 13 tropical American Republics interested in rubber 
planting. (Control of leaf blight (Dothidclla ulei) by spraying, as dev<;loped by Lang¬ 
ford, and by crown budding with resistant Ford selections has removed the main obstacle 
which in the past nullified all attempts to establish tropical American plantations, 'l^hese 
effective and economical procedures have enabled immediate use of the highest yielding 
Oriental clones, all of which are very susceptible to leaf blight. Commercial planting has 
now emerged from the nursery stage in several of the countries, and to the end of 1944, 
more than 28,000 acr<*8 of higli yielding rubber had l)een established. Development of a 
permanent, self sustaining, small farm or single family tv])e of rubber production is 
emphasised. This has required adjustment of local fariiv credit, colonization and other 
pr(»grains of the cooperating governments, which together with tlnnr nationals have 
reported total expenditures through 1945 of about $3,844,000 on their rubber projects. 
While the planting of crown-budded Oriental clones has proce(*ded, a cooperative breeding 
program has furnislied thousands of first and second generation hybrids, some of which 
have given indication of combining superior yield with blight r(‘si8taiu'(‘. 

Effect of Seed Treatuncnt on Soyheans Germinated at Four Temperatures. SiiRRWiN, 
TlKnF.N S., (\ L. liEKKBVRK, and K. W. Leukel. Seedling emergence of soybeans was 
signilieafitly increased when the seed was treated with Arasan (tetramethyl thiuram disul¬ 
fide), New Improved Oeresan (ethyl mercury phosphate), and Spergon (tetrachloro para 
lKMizo(|uinoiie), and planted in soil maintained at 15^^, 20‘’, afid 25^ (1 At HO'^' C., however, 
there was no significant increase in emergence. The soil in all easels was adjusted to 55 
jier cent water holding capacity. In the 12 seed lots tested, greater improvement in emer¬ 
gence was obtained from the treatment of seed that was produced in Mississippi than 
from similar treatment of seed produced in Illinois. Seed lots having low germination 
SfMuued to be benefited more by Arasan and Now Improved Ceresan than by Spergon. 

The Present Status of Breeding for Disease Itesislance in Oats, Stanton, T. I?, 
'riie most important new disease-resistant varictuis have been dev(*loped by crossing Ri(*li- 
land on Victoria, resulting in Vicland, Tama, and similar varieties, grown on about 
25,000,000 acres in 1945. Less important groups of dist'ase resistant wintr*r oats have 
been dev(doj>ed by crossing Fulghiim, Nortex, and Lee on N’ictoria and by crossing Fulton 
ty])e early red spring oats and Victoria-Itichland stdections. New varieties developed 
from crosses on Bond with better resistance te crown and stem rusts, greater productive¬ 
ness, higher test weight, and stiffer straw are being released. Those include Clinton and 
Benton in Iowa, Indiana, and Illinois; Bonda and Mindo in Miniu^sota; and Eaton in 
Michigan. Forvic f Forward x (Yictoria-Richland) ] is a projiiising new disease resistant 
variety in Wisconsin. Threatening new' or uncommon races of smuts, rusts, and other 
diseasf^s are becoming important, such as; Races of smut that are virulent on Victoria, 
Boone, Vicland, Letoria; race 45 and similar races of crown rust that infect Bond, Clin¬ 
ton, and Benton; races 8 and 10 of stem rust; fam diseases on recently 

distributed varieties; and oat viruse.s in the Southeastern States. Evidently, much yet 
reinaliiH to be done if all these diseases are to be more completely controlled by breeding. 
(Ckfoperative investigations between the Division of Cereal Crops and Diseases Bureau 
of I'lani Industry, Soils, and Agricultural Engineering, Agriciiltural Research Adniinis 
tratiou, U. S. Department of Agriculture and State Agricultural Experiment Stations.) 

Distribution, Host Kaugr, Character, and Signifivanec of the Golden Nematode ns 
a Disease Agent. Stein i v., (i. The golden nematode, Heterodera rosiochiensis Wollen- 
weber, o(‘curs in Great Britain (including Ireland and Jersey Island), Sweden, Denmark 
sornt' nortliorn and northwestern Provinces of Germany, and Long Island II.S.A. It was 
known as potatp dab or potato sick soil in Yorkshire around .1903; Zinimermann in Meck¬ 
lenburg first recognized a nematode as its cause »nd Wollenweber described it as 

a separate species (1923). It was first observed in Sweden in 1922; in the United States 
in 1941. White potato and tomato are the main ho.^ts; certain solanaceous weeds, also 
Alropa heVadonne L. and Chenopodiurn album L., have been reported attacked. Tests 
l*y Ellenby showed some 50 tuber-forming South American species of Solanum invaded 
but generally to a lesser degree than white potat(». H, rosiochiensis lives sedentary on 
roo:s and tubers, the female transforms into a cyst remaining in the soil up to 10 years 
and coutaiuing viable oggs up to 8 years. This longevity of the cysts and the fact that 
iulf'-’-s of affected plants appear healthy make it a particularly dangerous pest usually 
Tiot recognized before large infestations have been built up. Crops have been^ reduced 
lo less than seed. An attempt to eradicate it on Long Island is planned. 
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Seed Treatment of Castor Beans for the Control of Seedlincf Blight, Stevenson, 
E. G. Seedling diseiiHes of castor beans caused pre-emergence and post-emergence blight 
or die-back; however, many affected plants which were not killed developed normally 
after the first true leaves were formed. In such plots the plants were later in maturing 
and the yield was reduced, but the quality of the seed was not affected. Seed treatment 
tests were made in 1943, 1944, and 1945. In 1943 the use of Semesan (hydroxymercuri- 
chloropheuol), New Improved Semesan Jr. (ethyl mercury phosphate), Spergon (tetra- 
chloro parabenzoquinone), Arasan (tetrarnethyl thiuramdisulfidc), and Thiosan (tetra- 
methy] thiuramdisulfide) rt‘sulted in significantly better emergence. In 1944 and 1945 
Semesan and New Improved Semesan Jr. were dropped from the test because of the 
shortage of mercurial compounds at that time. Arasan, Permate (ferric dimethyl dithio- 
carbamate), and Spergon were tested at Manhattan, Kansas, and Stillwater, Oklahoma, 
in 1944, and at BeltsvilJe, Maryland, in 1944 and 1945. The use of Arasan improved 
emergence significantly at Manhattan, Kansas, but none of the treatments was effective 
at Stillwater, Oklahoma. (Very little disease was present in the Kansas-Oklahoma areas 
during the year of the test.) Emergence was improved significantly by all three treat¬ 
ments in the two year test at BeJtsville, Maryland. Arasan was more effective than cither 
Spergon or Permatc!, the latter two not differing from one another statistically. Plant 
vigor and st*ed yield were not affected by any of the treatments. 

A Simple^ Effective Method for Inoculating Barley Seed with Helminthosporium 
gramineum. Tapke, V. P. It has been difficult to develop a satisfactory simple method 
for the artificial inoculation of barley with the stripe fungus, H. gramineum. The fol¬ 
lowing new method is relatively easy to apply and has consistently resulted in high infec¬ 
tions with only small reductions in seed germination: The stripe fungus is grown on a 
nutrient broth in half-liter Erleiirneyer flasks for 10 days at room temperature, the 
mycelial pads are then fragmented in a hoinogcnizcr and applied in aqueous suspension 
for 15 minutes to seed that has been thoroughly dried following a 6-hour soak in water 
at approximately 25'^ 0. During the first minute of the soak, the vessel containing the 
seed and inoeiilum is vigorously shaken. Next the inoculated seed is drained and incu¬ 
bated oil moist blotters at to 10° C. for 4 days, then dried at room temperature and 
sown. Tlirough this method up to 100 jier cent striped plants have been obtained in 
susceptible winter barleys grown in the field. 

Spread of the Dutch Elm Disease in Maryland. Wamcek, E. A. The Dutch Elm 
(iiseast* (Ceratostomella id mi) became a serious menace to elm trees in Prederick County, 
Maryland, during 1944-45. The first diseased tree in Maryland was found at Pt. Mc- 
IToiiry, Baltimore, in 1933. An outbreak was checked at Brunswick, Prederick County, 
in 1935, and near Curnb(*rland, Allegany County, in 1936. No outbreaks have occurred 
ill Baltimore or Cumberland areas since 1941. A light outbreak was observed in 1943, 
on 8 trees in Frederi(*k County. This increased to 29 diseased trees in 1944, and five 
cases were reported for Carroll County. The elm bark beetle {Scolytus mult ist rial us) 
population inereased greatly in 1944, and by 1946, 261 confirmed trees wejre found in 
Frederick County; 5 in (Carroll, and 1 in Wa.sliiiigton County. The disease is now con- 
tined mostly to the Monocacy Biver Valley, and its feeder streams. During 1944-45 State 
Officials removed and destroyed 101 diseased elm trees in Frederick County, 7 in Carroll 
Comity, and one in Washington (bounty; and 245 other bark-beetle infested, dead and 
dying elms in Prederick County; and 47 in Carroll (bounty. Since 1933, 120 confirmed 
elm trees have been removed in Maryland. The wet 1945 season greatly reduced the elm 
l»aik beetle jiopiilation in Maryland. 

Field Control of Bran Fust with Sulfur. Zaitmeykr, W. J. During the 1945 season 
l)eaii rust in I'into and lin'at Northern liean acreages was well controlled in Colorado, 
Wyoming, and IMontaiia with sulfur dust applied at the rate of 20 to 25 pounds per acre. 
In* the bean-growing sections of these States environmental conditions were ideal for the 
spread and developinent of rust. Early in the season infection is usually sparse and the 
control at this time is relatively simple, thus preventing secondary spread. In the 
Greeley, Colorado, area one dusting applied by most growlers in early July, before the 
plants eovered the rows, practically eliminated the disease. In Wyoming only a small 
percentage of the fields were dusted. Fields dusted twice yielded on an average of 
lOOO-lSOO ])ound8 of seed per acre while fields not dusted averaged from 800 to 1000 
pounds. In the Bridgcr, Montana, section where rust was widely distributed, 9 fields 
(totaling 330 acres) dusted twice averaged 2000 pounds of clean seed per acre. Eight 
fields (comprising 164 acres) dusted once averaged 1400 pounds, and 18 fields not dusted 
(totaling 364 acres) averaged 1016 pounds per acre. The best-producing, twice; dusted 
field yielded 2369 pounds and the poorest of the nondlisted fields yielded 380 pounds of 
seed jier t\vYo. 
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THE FIRST SYMPTOM OF TOMATO FUSARIUM WILT: 
CLEARING OF THE ULTIMATE VEINLETS 
IN THE LEAF 

R . E . F O S T E R ^ 

(Accepted for publication March 13, 1946) 

The later symptoms o.t typical Fusarium wilt of the tomato, caused by 
Fusariuni oxysporum f . lycopersici (Sacc.) S. & H., have been described by 
many workers since the disease was first seen prior to 1895 (1, 4). The 
symptoms most commonly mentioned have been stunting, progressive yel¬ 
lowing and wilting of the leaves, wilting and collapse of the stem, and death 
of the plant, all accompanied by an increased darkening of the vascular 
elements. Wellman (5) recently described epinasty as an early symptom 
of tomato wilt. A still earlier symptom of this disease has been seen 
repeatedly, and it is believed to be the first above-ground indication of 
infection of. the tomato by the wilt pathogen. 

This early symptom is a clearing of the ultimate veinlets in the leaflets 
of infected tomatoes giving them a ‘‘netted’’ appearance (Fig. 1). It can 
be seen only when leaves are viewed with transmitted light. In a detailed 
stud}^ of 50 young tomato plants (4 to 6 leaves) inoculated with a virulent 
strain of the organism and held at optimum conditions for wilt development 
(optimum moisture, 28° C.) and observed at 12-hour intervals, it was noticed 
that veinlet clearing appeared on many plants 24 hours after dip- 
inoculation. Most often it was first evident in the terminal leaflet of the 
third leaf, after 36 hours appearing in the second and fourth leaves and later 
in all of the leaves. Veinlets closest to the main veins became cleared first 
and the large veins themselves seemed to be outlined by a very narrow, 
cleared band. Oeeasioiially, tliis clearing progressed more rajndly on one 
side of the leaflet. The loss of green color soon x)rogressed along all veinlets 
and later extended into the “vein-islets’’ which, just previous to veinlet 
clearing, appeared to be a darker green. As the clearing spread from the 
veinlets, yellowed areas were formed in the leaf which later coalesced, giving 
rise to the “yellow-leaf” symi)tom of the disease. Forty-eight hours after 
dip-inoculation veinlet clearing was present in all leaves. Unilateral inocu¬ 
lation of tomato plants with the fungus occasioned a unilateral development 
of this early symptom. Epinasty did not appear in any of the plants until 
72 hours after inoculation, and in most it was not evident until after 84 
hours. Veinlet clearing seems to be associated entirely with the effects of 
Fusarium oxysporum f. lycopersici on the tomato host. Noninoculated 
plants held under the same conditions did not have the veinlet clearing 
symptom. Repeated attempts to recover the organism from affected areas 
in the leaf 36 hours after inoculation were unsuccessf ul. Likewise, attempts 

1 The writer wishes to express his gratitude to Eugene Herrling for the preparation 
of the illustration. Investigation supported in iiart by a grant from the Wisconsin Alumni 
Research Foundation. 
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Fio. 1. Portions of terminal leaflets from (A) a healthy tomato plant, and (B) 
inoenlatod tomato plant: x4:. 
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to produce the symptom on healthy tomato and tobacco leaves by rubbing 
them with juice expressed from affected leaflets met with no success. Symp¬ 
toms identical to those described have not been seen in association with any 
other tomato diseases, although it is recognized that other vascular parasites 
might produce toxic materials which could bring about a similar effect. 

Clearing of the ultimate leaf veinlets of inoculated tomato plants has 
been observed in several host varieties and under various environal condi¬ 
tions. Bonny Best, Marglobe, Master Marglobe, and Rutgers (Lycoperstcon 
esctdentum Mill.) varieties all show’ed the early symptom. However, the 
time interval between inoculation and first appearance of veinlet clearing 
varied with the relative resistance of the variety. It has not been found in 
a highly resistant strain of Red Currant tomato (L. pimpinellifolium Mill.) 
or in highly resistant hybrids. In inoculated susceptible plants grown under 
a wide range of environal conditions (3), the production of the veinlet- 
clearing symptom w^as not affected by soil moisture, soil temperature, air 
temperature, light (‘onditions, or host nutrition, except in relation to time 
of appearanee, as long as the parti('ular environment permitted an ultimate 
development of tomato Fusarium Avilt. The three strains of F, oxysporum 
f. lyeopcrsici tested brought about development of the early symptom. 
Tliese three strains Avero (a) virulent, raised strain R 5-6, (b) mild, ap- 
pressed strain A 15-8, botii obtained from F. L. Wellman (6), and (e) a 
strain of intermediate pathogenicity from J. B. Kendrick, California. The 
rapidity wdth which the netting symptom became evident varied with the 
pathogemicity of the fungus strain. 

Numerous attempts w^ere made to produce the early, veinlet-clearing 
symptom in young plants placed in fungus extracts in a manner similar to 
tliat used oy Fisher (2). Young Bonny Best plants (5 to 6 leaves) Avere 
groAvn in soil, w^ere dug, tlie roots Avcrc cut off under Avater, and then the 
stems Avere placed in filter-sterilized Richard’s nutrient in which the virnlent 
strains of the Fusarium had been groAving for different lengths of time. 
Veinlet-clearing symptoms apjieared only in plants placed in the medium 
from an agitated 28-hour culture. Media from older cultures produced 
yellowing and necrosis rapidly, Avithout signs of veinlet clearing; younger 
cultures Avere not used. Water and Richard’s solution controls produced 
no symptoms. 

Very early symptoms of tomato Fusarium wilt are of little importance 
in studying the disease as it occurs in the field, but such symptoms haA^e 
been of considerable value in various controlled studies in the greenhouse 
and laboratory. Moreover, the rapid appearance of evidence oi^ -kost- 
parasite interaction suggests a phase of disease developmenlii|tliat has 
received little consideration. It is wddely accepted that the disease effects 
brought about by vascular fusarial infection are occasioned largely by toxin 
produced in the infected root and spread throughout the plant in tlie trans¬ 
piration stream. The appearance of a disease-induced effect in the u])per 
portion of a plant only 24 hours after root inoculation indicates that toxin 
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is produced at the time of fungus penetration or very shortly thereafter, 
and certainly before the organism is well established within the host tissue. 
Whether the toxin causing veinlet clearing is produced by the fungus or by 
the plant in response to fungus action has not been shown definitely. How¬ 
ever, the former possibility seems the more likely in view of the fact that 
the same peculiar symptom can be induced by aseptic fungus extract. The 
observations presented seem to contribute to the theory that the disease 
reactions brought about by vascular Fusaria are conditioned by the forma¬ 
tion of more than one type of toxin depending upon the degree of parasite 
im^asion and consequent host reaction. i- 

Department of Plant Pathology, 

University of Wisconsin, 

Madison, Wisconsin. 
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BACTEEIAL LEAF SPOT AND BUD ROT OP ORCHIDS CAUSED BY 
PHYTOMONAS CATTLEYAE 

Peteb a. Ark and H. Earl Thomas 
(Accepted for x^ublication April 26, 1946) 

A large number of orchid-growing establishments in California often 
sustain heavy losses from brown-spot disease in such valuable species as 
Cattleya and Phalaenopsis. Microscopic examination of diseased specimens 
has always revealed the abundance of bacteria in advancing margins of the 
spots. In order to ascertain the causal agent of the disease a bacteriological 
study of the isolates was made. This paper presents the results of the in¬ 
vestigation as to the nature of the disease, the causal organism, and the 
method of control. 

Elliott (1) lists the following organisms as causal agents of disease in 
orchids: Bacillus cypripedii, Bacillus farmtianus, Bacillus pollacii. Bac¬ 
terium cattleyac, Bacterium kramerimii, and Bacterium oncidii. These or¬ 
ganisms attack orchid leaves and pseudo-bulbs, causing occasional death of 
the plants. Recently (3) a soft rot of Cattleya sp., caused by Erwinia 
carotovora, was reported in the United States. 

♦ Erwinia carotovora was also reported as a pathogen on Phalaenopsis 
aphrodite in Japan (4) and Cymhidium aloifolium and C. insigne were suc¬ 
cessfully inoculated. The disease starts as water-soaked spots on the leaf 
blades, which become sunken and brown. The organisms enter the plant 
through wounds. Matsumoto and Okabe (4) presented evidence wdiich indi¬ 
cates that the Bacillus cypripedii of Ilori (2) is very closely related to, if 
not identical wdth, E. carotovora. 

For* a number of years the writers have studied a disease of orchids whieii 
occurs in Phalaeuopsis sp. and Cattleya sp. and sometimes causes consider¬ 
able damage in orchid houses in the San Francisco Bay region. The disease 
is prevalent in greenhouses in which a high air humidity is maintained for 
considerable time and w^here the plants are syringed. A bacterial organism 
was isolated from the advancing margins of the lesions, proved pathogenic 
upon inoculation, and was readily reisolated. 

At first the disease expresses itself as small, dark, water-soaked spots, 
which rapidly increase in size, changing from light-brown to dark chestnut 
brown with age. These spots upon enlarging may coalesce to form larger 
areas (Pig. 1, A and B). Under favorable conditions of temperature and 
moisture the infection spreads rapidly and may attack the crown, sometimes 
killing the plant. The disease may be initiated through wounds, but the 
organism can apparently cause infection by direct penetration of uninjured 
leaves. 

Phalaenopsis sp. and Cattleya sp. were infected under conditions which 
approximated those obtaining in commercial greenhouses. The following 
orchids were susceptible wdien artificially inoculated: Epulendrum o^brein- 
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Fig. 1. Bacterijil leaf spot, on Caiileya sp. A. Natural infection. B. Detail of a 
well advanced .sunken spot on ventral side of a leaf. 

wnum, DcitdroJyiivm sp.. Cypripedium sp.. Phalacnopsis aniahilis and Va¬ 
nilla. No inl(*(*tion eon Id lx* obtained on Phdlncuopsis 

Four isolates of tlie orj^anisin. together with four reisolates, wore studied 
bacteriolo^vieaily in order to ascertain tlie uixonomic position of the causal 
aj^eiit. All cultures•behaA ed identically in the laboratory and had certain 
features ascribed to Bacillus farrutiauus. Bacillus pollacii. Bacterium cat- 
tlcyae. and Barf mum krameriaui. HcAvevej*, as Elliott (1) pointed out, 
there is no certainty that the worh on these lour s]>ecies was done with i)ure 
cultmcs. ..\il AN eie imjieiK’cllN described, so that witli Icav excejitions they 
would be intercliangeable (Table 1). 

TABLE 1. Comparison of cnVtnns ranmno or^aiid leaf spots according to Tavarino (5)’ 


Bad eri n m ca / flcyae 
U.4p, X 0.4 O.Ou 


Hoc ill ns 
faniftian ns 

1.5|ii X 0.8-1.0^ 


Grain -no^ja ti ve G rain-positivc 

W^hitc on agar Iridescent to gray¬ 

ish on agar 

Gelatin not liquefied Gelatin liquefied 


Baclcrtum ^ 

Imtn-riani Bacillus pollacii 

2-3nx0.6-0.8n S-lOuXl.Ou, 

spore-forming 

Gra m - nega t i v e Grain • n egati ve 

Greenish on agar Groenish on agar 

Gelatin liquefied Gelatin liquefied 
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A description of the organism causing the disease occurring in California 
is given below. This bacterium is probably the one which was described by 
Pavarino (5). as Bacterium (Phytonioms) caitleyaey since all the characters 
of this organism, as indicated by Pavarino, including the symptoms of the 
disease, are in close agreement. 

Phytomonas cattleyae. Small, Gram-negative rods in stained smears of 
24-hour-old beef-extract-peptone-agar growth, single and in pairs; motile 
by means of one or two Jophotrichous flagellae; no spores as determined by 
staining and by heating to 60° C. for 20 minutes. 

On beef-extract-peptone agar of pH 6.9, at 28° C., growth is rapid, gray¬ 
ish-white with iridescence when examined by transmitted light. The con¬ 
sistency is butyrous. The colonies are large, entire, smooth, with criss-cross 
markings resembling fish scales. On potato-dextrose-peptone agar slants the 
growth is very rapid and dirty-gray. On potato i)lugs the growth is rapid 
and slimy, dark-gray. Beef-extract-peptone broth becomes very turbid 
within 24 hours with the formation of a very delicate pellicle which later 
dro])s to tlie bottom, heaving a rim of growth on the walls of a test tube. 
Good growth occurred in liipiid synthetic media such as: syntlietic carbo¬ 
hydrate media of the Society of American Bacteriologists (6, p. 15), Fermi, 
Cohn, and Uschinsky. Starch is digested slowly. Gelatin is not liquefied 
even after thirty days. Hydrogen sulphide and indol are not X)rodueed. 
titrates are reduced to nitrites. Both skimmed and litmus milk were un¬ 
changed when the cultures -were observed 3, 7, and 14 days after inoculation. 
Ammonia is produced in nutrient broth after 3 days, determined by the 
method of Hansen (7, j). 15). Acid and no gas is produced in a synthetic 
carbohydrate medium of the Society of American Bacteriologists (6, p. 15) 
to which one jier cent of' arabinose, dextrose, dulcitol, galactose, glycerol, 
lactose, levulose, mannite, sucrose, or xylose was added and as an indicator 
0.5 ee. of a one per cent alcoholic solution of brom cresol purple and 0.4 cc. 
of a one per cent solution of cresol red to each liter of the medium and a 
Dunham fermentation vial (inverted) to each tube to detect gas. Neither 
acid nor gas was formed from raffiiiose. The optimum temperature for 
growth lies betwen 25° and 35° C. The thermal death point is 48° C. 

To obtain satisfactory control of the disease, badly diseased plants should 
be removed and individual spots on the leaves treated by carefully swubbing 
with a sponge soaked in 1 to 1000 corrosive sublimate (HgCh). No injury 
of the treated leaves was observed, either on Cattleya or Phalaenopsis. A 
considerable reduction in the disease was obtained when the greenhouse 
humidity was decreased and overhead irrigation discontinued. 

summary 

1. A bacterial leaf spot and bud rot of Cattleya sp. and Phalaenopsis sp, 
caused considerable damage in orchid houses in Central California. 
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2. The disease may be controlled by reducing the air humidity and by 
swabbing diseased plant parts with 1 to 1000 corrosive sublimate solution. 
Division of Plant Pathology, 

University of California, 

Berkeley, California. 
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SEEDLING DISEASE OP YELLOW CALLA, CAUSED BY 
CORTICIUM SOLANI, AND ITS CONTROL 

C. M. Tompkins and P. A. Aek 
(A ccepted for publication May 23, 1946) 

INTRODUCTION 

A seedling disease of the yellow calla {Zantedeschia clliotfiana Engler) 
has long been prevalent in field-planted seedbeds in and near Santa Cruz, 
California. Annual losses ranged from 25 per cent or more, with occasional 
complete failures. The results of field and laboratory studies of this disease 
during the past 5 years, with suggestions for control, are jiresented in this 
paper. 

SYMPTOMS OF THE DISEASE 

Yellow calla seedlings may become infected before or after emergence. 
The symptoms of the disease on the roots of infected plants consist of a dry, 
brownish-black discoloration of the cortical tissues, generally commencing at 
the tip of the roots and progressing toward the crown. Sometimes infection 
occurs above the tips of the roots. The cortex of infected roots soon shrivels 
and sloughs off, exposing the central cylinder. Seedlings infected before 
emergence are small and die very quickly. This |)hase of the disease can 
only be observed by digging into the soil just before the seedlings emerge, 
which usually occurs in from 4 to 6 weeks after sowing the seed. The post- 
emergence phase of the disease is ecjually destructive. Apparently healthy 
seedlings with 2 to (5 leaves may suddenly turn yellow, wilt, and collapse. 
Death ensues in a day or two and may affect single seedlings or a group of 
them in the same row. When removing diseased seedlings from the soil, 
little or no pressure is required. A third and ecpially important phase of 
the disease is rotting of the seed before germination; this is also an important 
factor in the reduction of stand. Rotting of the seed and seedling infection 
before and after emergence can usually be observed in any seedbed. How¬ 
ever, seasonal variations, coupled with unfavorable cultural practices, may 
accentuate the loss from seed decay or, on the other hand, seedling mortality 
(pro- or post-emergence) may be the most conspicuous feature of the disease. 

This disease occurs on Avidely different soil types, ranging from sandy 
and gravelly loams to heavy clay, and is favored by excessive irrigation, poor 
drainage, warm weather, improperly prepared seed, mulching, and crowding 
of the i)lants. 

THE CAUSAL FUNGUS 

Diseased yellow calla seedlings, showing different stages of root infection, 
were collected at Capitola and Santa Cruz each summer from 1941 to 1945, 
inclusive, for cultural tests in the laboratory. After washing the roots in 
tap, distilled, and sterile distilled water, followed by drying on clean filter 
paper, small bits of root tissue were planted on potato-dextrose agar in 
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Petri dishes. Isolations each year consistently yielded but 1 fungns which 
has been identified as the vegetative stage of Corliciimi solani (Prill, and 
Del.) Bonrd. and Galz. Isolates were obtained from hyphal tips of the 
fnngns in Petri-dish cultures. Comparison of the isolates obtained each 
season from different seedbeds showed a remarkable similarity in macroscopic 
(diaracters. 

The relation of temperature to growth of the mycelium was determined 
for 2 isolates of Coriicmm solani, 1 from Capitola and 1 from Santa Cruz. 
Tlie culture tubes (2.1 by 20 cm.) used and the procedure followed were 
those previously described by Tompkins and|Gardner.^ The medium used 
was potato-dextrose agar, pll 5.8. Inoculated tubes were kept at room 
temperature for 24 hours. Tlien 3 tubes of each isolate Avere placed in a 
liorizontal position in (*ontrolled temperature chambers at intervals of 3°, 
from 4° to 40® C. The cultures Avere incubated for 96 hours. The cardinal 
temperatures were determined on the extent of mycelial groAvth in the 
(‘liltlire tubes. 


The minimum temperature for growtli of the yelloAv-calla isolates of 
Coriicium solani Avas approximately 7® C., the optimum 25® to 28®, and 
the maximum 37®. 


These isolates Avere also used in the infection experinuuits in tlie green¬ 
house. Inoculum Av^as prepared by growing the isolates on sterilized, 
moistened cracked Avheat in 8-inch test tubes. When ready for use, the 
inoculum of either isolate AA^as added to each of 6 fiats, of steam-sterilized, 
sandy-loam soil. After tlie soil and inoculum had been thoroughly mixed, 
the flats were set aside for 1 Aveek. Simultaneously, controls aa ere jirepared 
by adding the same amount of sterilized cracked Avheat to each of 4 flats of 
st(\am-sterilized soil. The soil in all flats was stirred and irrigated on al¬ 
ternate days before seeding. Each, flat was planted at a depth of 1 inch Avith 
500 untreated yelloAv calla seeds, obtained at Santa Cruz, at intervals of i 
inch in the roAA^, the roAAs being 1 inch apart. Prevailing greenhouse tem¬ 
peratures ranged from 14" to 18® C. After 5 weeks, seedlings appeared 
above ground in all flats. Disease Avas prevalent in all infested flats, as 
indicated by the yedow foliage, collapse of the seedlings, and skips in the 
row. In general, the symptoms on artificially-inff^cted plants were ichmtical 
Avith those of naturally-infected plants. Infection counts AAcre made from 
the fifth to the nintli week, inclusive. The Capitola isolate caused a pre- 
emergence loss of 25 per cent and a post-emergence loss of 48 per cent, or. a 
total of 73 per cent. The Santa Cruz isolate caused a pre-ernergencc loss of 
32 per cent alid a post-emergence loss of 51 per cemt, or a total oi* 83 per cent. 
All yelloAY. calla seedlings in the control flats remained healthy for the 
duration nf the tests. The fungus was reisolated from 50 infected plants in 
each of the infested flats; the reisolates were identical Avith the original 
isolates. When reisolates of the Santa Cruz and Capitola isolates were 
tested, they proved highly pathogenic. 


1 TompkiBS C. M. aiul M. W. Gardner. Relation of temperatnre to infection of bean 
nod eowpea seedlings by Shizocionia haiaticola. Hilgardia 9: 219-230. 1935 ^ ” 
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CONTROL OP THE DISEASE 

Since field studies at Capitola and Santa Cruz sug<?ested tliat certain 
cultural methods and lack of seed treatment were important factors related 
to the hi{:?h incidence of infection in yellow calia seedbeds, control was 
predicated on improving the cultural conditions in the beds and on treat¬ 
ment of the seeds Avith a suitable fungicide. 

Control experiments were conducted at Santa Cruz for 3 years. Briefly, 
the method of control was based on (1) thorough cleaning of the seed; (2) 
dusting the seed Avith an equal mixture of Spergon (tetrachloro para- 
benzoqviinone) and Celite 505 (an infusorial earth used as a carrier); (3) 
Avider spacing of seeds to prevent subsequent croAvding of seedlings in the 
beds; (4) avoidance of excessiA^e irrigation; (5) frequent cultivation of the 
soil to provide good aeration; (6) selection of a Avell-drained site; and (7) 
elimination of organic soil mulches. 

Limited field tests, based on the foregoing procedure, Avere conducted in 
1942, resulting in almost perfect stands of seedlings. In the control seedbeds, 
liandled according to prevailing commercial practice, seedling disease Avas as 
destructive as in preAUous years. Because of the ease of applying Spergon 
anl its effectiveness, no other fungicidal dusts Avere tested. In 1944 and 1945, 
the field tests Avere enlarged because more seed Avas available. Results were 
comparable with those obtained in 1942. The adoption of this method for 
controlling the disease in yelloAV-ealla seedbeds has been recommended to the 
gi'OAvers. 

DISCUSSION 

Improper processing of dried, yellow-calla spadices, in the fleshy pulp 
of whicli the seeds are imbedded, yields unclean seeds, oe., the seeds are 
partially or entirelA’^ covered with a layer of dried pulp. After these seeds 
are planted and the beds irrigated, the pulp attached to the seedcoats 
readily absorbs moisture and conceivably becomes a moist chamber sur¬ 
rounding eaeli individual seed. Thus the Avay is prepared for infection by 
the pathogen. To circumvent this condition, it is suggested that the spadices 
be crushed and Avashed in tap water. Then the viable seeds, Avhieh sink to 
the bottom of the container, should be Avashed at least 4 times, dried on clean 
absorbent paper, and dusted with a fungicide, such as Spergon. 

Close planting of yelloAv calla seeds, long an established commercial 
practice, insures crowding and predis|)oses the young seedlings to heavy 
infection. It Avould be desirable to plant the seeds 1 to 2 inches apart in 
short roAAs, the depth varying from 1J to 2 inches, with rows 6 inches apart. 

Daily irrigation of seedbeds is another common practice Avhich favors the 
disease. Semi-weekly or Aveekly irrigation of the seedbeds would provide 
ample moisture for germination and groAvth and would aid in decreasing 
the amount of infection. Tlie selection of a Avell-drained site is of paramount 
importance. 

Some groAvers cover their seedbeds to a depth of 1 or more inches with 
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organic materials, such as macerated coffee husks, in order to conserve the 
moisture. Mulches not only interfere with good soil aeration, but con¬ 
ceivably they serve as moist chambers for fungus invasion. Their use should 
be avoided. 

In late summer, in mature yellow calla plantings, tlie withering peduncles 
are unable to support the weight of the spadices, which lodge on the ground. 
Collections of spadices were made for 3 years in order to test the pulp and 
seeds in the laboratory for the presence of Corficiuni solani. The fungus 
was never isolated from these plant parts. 

i 

SUMMARY 

A destructive seedling disease of yellow calla (Zaniedeschta (Ihotiiana) 
is ])revalent in commercial plantings in the Capitola-Santa Cruz section of 
(yalifornia. It is favored in its development and spread by warm weather, 
excessive moisture, poor soil drainage, the use of unclean, untreated seed, 
close planting of seed, and mulching. 

The principal symptoms of the disease consist of a brownish-black dis¬ 
coloration of the cortical tissues of the fibrous roots (before and after 
emergence), usually commencing at the tips and progressing toward the 
crown. Invaded tissues shrivel and slough off. Above ground, infected 
seedlings develop yellow leaves which wdlt, collapse, and die. Rotting of 
the seed may also occur before germination. 

CorticivM solani (Prill, and Del.) Bourd. and Galz. has been consistently 
isolated from infected seedlings and has proved pathogenic in greenhouse 
tests. 

The minimum temperature for mycelial growth of the 2 isolates studied 
is 7° C., the optimum between 25^ and 28"", and the maximum 37°. 

The disease can be readily controlled by using clean seed treated with a 
suitable fungicide, such as Spergon, planting the seed at wider intervals in 
the seedbeds, avoiding excessive irrigatioR and niulcliing, selecting a well- 
drained site, and cultivating frequently to provide good soil aeration. 

Division of Plant Pathology, 

IIniwuisity of California, 

Berkeley, California. 



THE EFFECTS OF CERTAIN NUTRIENT TREATMENTS UPON 
THE RESISTANCE OF COTTON TO FUSARIUM VASINFECTUM' 

W. B. Alberts 
(Accepted for publication May 28, 1946) 

INTRODUCTION 

The resistance of certain crop plants to various pathogenic soil organisms 
can be affected by subjecting the host plants to nutritional conditions which 
influence the physiological responses of the plants. In a recent monograph, 
Garrett (3) has reviewed various aspects of this (piestion in relation to root 
disease fungi. Wingard (14) has revie^ved comiirehensively the literature 
on general disease resistance in plants; and, more recently, Shear and 
Wingard (5) have suggested that the greater susceptibility of sweet corn to 
Phyiomonas siewartii when grown under conditions of inadequate pjotassium 
nutrition may be due to an accumulation in the conducting tissues of ni¬ 
trates which are favorable for growth of the parasitic I)aeteria and unfavor¬ 
able for rapid growth of the corn plant under conditions of potassium 
deficiency. 

The literature on the influence of nutrition on the wilt resistance of 
cotton has been reviewed by Young (15), who found that applications of 
potassium fertilizers to Arkansas soils for the correction of potassium de¬ 
ficiency was accompanied by marked reduction in ivilt severity. His work 
was confirmed by Dick and Tisdale (2) in Alabama, who also reported that 
under some conditions nitrogen fertilizer applications alone could effectivelj^ 
reduce wilt severity but that wilt severity was increased following applica¬ 
tions of iihosphatic fertilizers. Young and Tharp (16) reported increased 
wilt severity in Arkansas soils following nitrogenous and phosphatic fer¬ 
tilizers, particularly if the fertilizers were not adequately balanced with 
respect to potassium. A. L. Smith (6) summarized results of a regional 
wilt test in 9 states and reported reduced wilt following applications of 
potassium fertilizers, but stated that varietal resistance to wilt was more 
important than fertilization so far as .yield was concerned. Some of the 
variations in results were attributed to a combination of wilt and nematode 
infestation in the field plots observed. I 31 a survey of Texas soils, Tauben- 
haus and coworkers (8) found a correlation between the presence of 
Fusarium in soils and their acidity, with Fusarium more prevalent in acid 
soils. 

In sand culture studies Neal (4) reported that wilt resistance of cotton 
was not increased when plants received a supplementary solution containing 

1 Contribution of the Department of Botany and Bacteriology, Clcinson Agricultural 
College, in cooperation with the Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of Plant Industry, U. S. Department of Agriculture. Technical contribution 
No. 136, South Carolina Agricultural Experiment Station. 

2 The author wishes to extend to Dr. G. M. Armstrong and Dr. 11. D. Barker his 
sincere thanks for their cooperation during the progress of these experiments and in the 
preparation of this manuscript. 

703 



704 


Phytopathology 


[VoL. 36 


calcium nitrate as the source of nitrogen. The basic nutrient solution con¬ 
tained nitrate and ammonium nitrogen in a 7 :1 ratio. More recently 1 harp 
and Wadleigh (9, 10) studying wilt resistance of several cotton varieties 
grown in sand cultures in relation to sources of nitrogen and to relative 
acidity found a significant interaction between nitrogen source and high pH. 
There was an increase of wilt resistance at pH 8 with nitrates as the source 
of nitrogen and a decrease in resistance with ammonia as the sourcje of nitro¬ 
gen at the same pH, with varietal differences in response. Increases in 
nitrogen and phosphorus levtds resulted in decreased wilt resistance while 
increases in the potassium level of the scifiitions increaseci wilt I’esistanee. 
Armstrong and Schappelle'* noted that cotton plants grown in a solution in 
which all the nitrogen was supplied as calcium nitrate were attacked less 
severely by wilt than plants gi*own in solutions containing nitrogen from 
calcium nitrate and ammonium sulphate. 

In 1943 and 1944 experiments were conducted by the writer to study 
in greater detail the responses of a highly Avilt-susceptible variety of cotton. 
Half and Half, to ditferent sources of nitrogen in nutrient solutions at two 
levels of pH. 

AlATICRIALS AXD EXPERIMENTAL METHOD 

Pyrex glass jars, of 4i gal. capacity, 12 in. in diameter and 12 in. in 
height were coated on the outside with black enamel to exclude light and 
buried to within a few inches of the top in the soil of the greenhouse benches. 
Covers were of glazed stoneware or of ‘^masonite hardboard^^ with 5 two- 
inch-spaced holes in each cover. Four-hole, fiat, split corks were used for 
supporting the plants in these jars. Sixteen plants were mounted in four 
corks in each jar and the remaini’ig opening in the jar cover was used for 
the insertion of a glass tube 25 mm. in diameter for draining and refilling 
the jars and for a smaller glass tube (6 9 mm. in diameter) throngh which 
air for the aeration of the solutions was conducted. Changing of solutions 
could be accomplished in a feM^ minutes with a minimum of handling and 
disturbance of plant roots. 

Solutions were drained and replaced with new solutions at weekly in- 
tei’vals except at the beginning of the experiments when the plants were 
small. Tn 1943 cultures in Senes 1 and 2 were aerated several hours daily 
by bubbling air through them with the aid of a small blower and in 1944 
aeration of tliose of Series 3 was continuous, utilizing air from a storage tank 
and compressor. Water was added to the solutions from time to time to 
replace transpiration losses and to avoid excessive changes in conceiitratioii 
of salts ill the solutions other than those due to absorption of nutrients by 
the plants. 

Snlphurie-acid-delinted seed dusted Avith Spergon (tetrachloro para- 
benzoquinone) were planted in trays of steamed river sand. After 3-4 
days the seedlings, selected for uniformity, were transferred to the corks in 
^3 XJnpublished results from the South Carolina Agricultural Experiment Station, 
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the jars of nutrient solutions. Growth of seedlings was rapid and in 12-14 
days they were at an advanced seedling stage, but squares had not yet ap¬ 
peared. Inoculation with the wilt fungus was made at that time. 

The cultures of Fumriuni vasinfectum used for inoculation were grown 
according to the technique used by Armstrong (1). Inoculation was ac¬ 
complished by a 10-minute immersion of the seedling plant roots in a my¬ 
celial suspension of the fungus, after which the plants, together with 
mycelia adhering to the roots, were replaced in their respective nutrient 
solutions. 

There were three jars of each solution and the location of these was 
randomized so as to permit subsequent statistical analysis. Non-inoculated 
or check cultures were also grown for each solution. 

The molar concentrations of the salts used are presented in table 1. 
Stock solutions of convenient concentration of all the nutrient salts were 
prepared and resented no problems, except in the case of calcium sulphate. 
Stock solutions of this salt, because of its low solubility, had to be pre¬ 
pared in dilute concentration in considerable volume. In mixing the solu¬ 
tions the monohydrogen potassium phosphate was always added last, with 
stirring, to the full volume of solution; but even with this precaution there 
was turbidity in the solutions of higher pH, indicating a certain amount of 
precipitation of the salts. Except for sulphur the molar coueentrations of 
all nutrient elements were the same in the solutions used. Iron was sup¬ 
plied as ferric citrate in a concentration of 2 ii.p.m. of ferric iron. Man¬ 
ganese was supplied in a concentration of 1 p.p.m. and copper, zinc and 
boron in concentrations of 0.5 p.p.m. for each element. 

The height of the plants in each jar was measured at the time of inocula¬ 
tion and twice weekly thereafter. After inoculation the plants were in¬ 
spected daily for tlie apx)earance of wilt symptoms. After these had ap¬ 
peared inspei'tions were made twice weekly and the wilt index of the plants 
was recorded. Normal plants, mildly Avilted, moderately wilted, severely 
wilted, and very severely wilted or dead ])Iants were given values of 0, 1, 
2, 3, 4, respectively, which were used to compute the wilt indices. Sin(‘e 16 
plants were grown in each solution culture the greatest possible Avilt index 
for any one solution was 16 x 4, or 64. This wilt index Avas necessarily of an 
arbitrary nature but it enabled the development of Avilt in each jar to be 
readily folloAved. Dead plants or plants given a value of 4 Avere removed 
from the jars and a portion of the base of the stem cultured in the laboratory 
to recover the Avilt fungus. 

Two IcA^els of pH Avere used in the solutions because of the differences in 
absorption of ammonium and nitrate ions by plants at different pH IcatIs 
reiDorted by Tiedjens and Robbins (12). The high iiH solutions had an 
initial pH of 6.6- 6.8 and the low pH .solutions a pH of 5.0- 5.3. In Series 
1 and 2 (1943) changes in solution pH Avere measured from time to time 
but no attempt Avas made to maintain the solutions at their initial pH. In 
Series 3 (1944) an attempt Avas made to correct Avide changes in pH due to 
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TABLE 1 .—The molar concentrations and pJl of the solutions used 


— , .. ■ - 

—. “* 

Low pH 



High pH 


Salt 

Calcium 

nitrate 

nitrogen 

Ammo¬ 

nium 

sulphate 

nitrogen 

Ammo¬ 

nium 

nitrate 

nitrogen 

Calcium 

nitrate 

nitrogen 

Ammo- Ammo¬ 
nium nium 

sulphate nitrate 
nitrogen nitrogen 

MgSO,-7H..O 

0.002 

0.002 

0.002 

0.002 

0,002 

0.002 

K..SO 4 . 

0.00075 

0.00075 

0.00075 




KH.PO4 .. 

0.0025 

0.0025 

0.0025 

0.001 

0.001 

0.001 

KJIPO^ . 




0.0015 

0.0015 

0.0015 

(NIDoSO*. 


0.002 

..i. 


0.002 


C.Ti(N08)a'4TL0. 

0^002 



0.002 



NILNO, . 



0.002 



0.002 

CaSO. •2n.,0 . 


0.002 

0.002 


0.002 

0.002 

Fe, Cii, Mil, Zn, Bo . 

Trac(‘ 

Trace 

Trace 

Trace 

Trace 

Trace 

Initial pH (Scries .1,2, and 3) 

5.0 

5.3 

5.3 

6.7 

6.8 

6.8 

Apjiroximatea pH (Series 1 







and 2 ) at time of solution 







change . 

0.3 

3.9 

5.2 

6.9 

4.3 

5.5 

Approximatea pH (Scries 3) 







at time of solution change 

5.1, 

5.2 

5.5 

6.8 

6.0 

6.1 


a Those pll values are approxiiiiatioris derived from the j)!! measurements and are 
indicative of the pH trends observed in these solutions. Close control of the pH was not 
obtained except for the higli pH nitrate solutions. 


absorption of mitrients by the plants by the addition of either a dilute 
sulphuric acid solution or a suspension of calcium hydroxide. 


PRESENTATION OF DATA 

Table 1 shows the molar concentration of the salts used and the initial 
pll of each solution. The two lower lines of figures show the trend of pH 
changes in the solutions of all series. The high ])1J calcium nitrate solutions 
did not vary appreciably f j oin then- initial pH at any time, although the pH 
increased slightly from 6.6 6.8 to 6.K 7.0. In Series 1 and 2 where no 
attempt was made to coni])eiisate for clianges in solution acidity due to 
differential absorption ol' nutl ients by the plants the low pll calcium nitrate 
solutions became less acid. In Sonnes 3 the addition of small amounts of 

TABLE 2.--The 7ivmher of phints (jrown in each irvalment and the niimhcr of plants 
that escaped infeetUm 

Series I Series 2 Series 3 


Treatment 

Total 
No. of 
plants 

Xo. of 
plants 
not in¬ 
fected 

Total 
Ko. of 
phints 

No. of 
plants 
not in¬ 
fected 

Tot.al 
No. of 
plants 

No. of 
plants 
not in¬ 
fected 

Low pH (.i\TL)oS 04 . 

48 

•'> 

47 

0 

48 

0 

High i)H 

43 

0 

48 

14 

42 

0 

Low pH xVII^NO,. 

47 

0 

48 

2 

46 

0 

High pH . 

48 

6 

47 

5 

48 

1 

Low pH CaCNOa)^ 

48 

8 

48 

2 

48 

0 

High pH . 

47 

27 

45 

11 

48 

17 
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dilute sulphuric acid to these solutions kept them near the initial and 
desired pH. In Series 1 and 2, both high and low pH ammonium sulphate 
solutions increased in acidity to the point where the growth of the cotton 
plants was markedly retarded. In Series 3, with excess acidity offset 
through the use of a calcium hydroxide suspension added from time to time 
to the solutions, a considerably better growth of plants resulted, although 
in general vigor and appearance these X)lants were inferior to those grown 



Fig. 1. The mean sum of the wilt indices of the plants in each solution of Series 1 
on the indicated number of days after inoculation. Tnocniated July 15, 1943. 

in calcium nitrate and ammonium nitrate solutions. The x)H changes of 
the ammonium nitrate solutions were intermediate between those of the 
calcium nitrate and ammonium sulphate solutions. In Series 1 and 2 the 
high pH ammonium sulphate and ammonium nitrate solutions became more 
acid and the attempt to correct this acidity in Series 3 was not entirely 
successful. It should be pointed out that the changes in pH of the solu¬ 
tions presented in table 1, because of the logarithmic character of pH values, 
are approximations useful in indicating trends rather than representing 
true rfieans. 

The largest and most vigorous noninfected or healthy plants were pro- 
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duced ill the low iiH calcium nitrate solutions. Slightly less favorable 
conditions for growth w^ere present in the high pll calcium nitrate solution 
and in the ammonium nitrate solutions of both high and low pH. In the 
ammonium sulphate solutions of Series 1 and 2, in which the pH was 3.8 
and 4.5, plant growth was poor, but in Series 3, where excessive acidity was 
corrected, growth was improved, although markedly less than in the calcium 
nitrate and ammonium nitrate solutions. 

The wilt index values and the percentages of severely wilted or dead 



7 M 14 .6 22 25 28 

DAYS AF-^ER INOCULATION 


Fig. Tha nioim huiti of the wilt iielipos of the plants in each 
on the indicated number of days after inoculation. Ifmciilated Sept. 


solution of Series 
24, 1943. 


o 


plants are shown in figures 1, 2, aiu? 3, and figures 4, 5, 6, respectively,. 
Table 2 sliows the uuinber of plants of each treatment which had no visible 
wilt symptoms and from Avhieli the Fumrium was not recovered on plate 
cultures at the end of the experiment. The number of plants grown in 
eacii solution is also shown in table 2. A considerable number of plants in 
each series of the high pH calcium nitrate solutions and in the high pH 
amuionium sulphate solutions of Series 2 apparently did not become infected 
after exposure to the fungus. The considerable number of noninfected 
plants i.i the high pH .calcium nitrate solutions of all series indicated that 
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plants in such solutions were not so readily infected as in other solutions. 
Some of the plants in the high pH caleium nitrate solutions of Series 3 had 
blackened vascular tissue although the plants had no wilt symptoms nor 
could the organism be recovered f rom plate cultures at the end of the experi¬ 
ment, suggesting that initial infection may have occurred but that the 
Fumriimi had not survived. The absence of infection of plants in the high 
pH ammonium sulphate solutions of Series 2 was probably due to chance 
since it occurred only in this instance. 



£,0 - A---A pH 5.0 C A(N0 3)? / 

A-ApHfi.7 •• / 




/ / / 

/ 



DAYS AFTER INOCULATION 

Fig. 3. The mean sum of the wilt indices of the plants in each solution of Series 3 
on the indicated number of days after inoculation. Inoculated Aug. 2C, 1944, 

The single degree of freedom method of analysis described by Snedecor 
(7) and also discussed by Wadleigh and Tharp (13) and by Tharp, 
AA^adleigh, and Barker (11) in their nutritional studies of cotton, was 
followed in the statistical comparisons of the data presented in figures 1-6. 
The general methods followed are illustrated in table 3. The results of in¬ 
dividual comparisons are shown in table 4. 

DISCUSSION 

In general, wilt symptoms began appearing 5-7 days after inoculation 
and appeared first in low pH calcium nitrate and low pH ammonium nitrate 
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solutions. In these solutions plant symptoms appeared earlier and wilt 
development was more rapid than in the ammonium sulphate solutions, but 
after plants in the latter solutions began to show symptoms of wilt they 
usually deteriorated quickly. As is shown in figures 1, 2, and 3, the plants 
in low pH solutions had more pronounced wilt symptoms early in the ex¬ 
periment than plants in high pH solutions, but in time these differences 
became less, with the exception of the high pH calcium nitrate solutions, 



« t of s.-vcrely wilted and dead jdants in cultures of Series 1 on 

the indicated number of days after ino-ulation. Inoculated duly 15, 1943. 


where the appearance of ."ymptonis was delayed and the wilt severity was 
Significantly reduced. 

Inspection of figures 1-6 shows that each series of plants, necessarily 
grown i^der varying seasonal conditions, showed varying degrees of wilting 
The differences between comparisons of treatments in Series 1, as shown in 
table 4, were Jess pronounced than those for Series 2 and 3. This is reflected 
m the smaller number of statistically significant differences in Series 1 
The trend, however, was the same as shown by the plus (+) and minus (-) 
values lor each comparison. ^ 
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Table 4, comparison 1, shows that the plants grown in low pH solutions 
had a higher wilt index and a higher number of severely wilted and dead 
plants than the plants grown in high pH solutions, except for the data of 
August 7. Comparisons 2, 3, and 4 show several differences of probable 
significance, but they are isolated instances, and do not indicate a consistent 
trend in the 3 series of plants, and will not be further discussed. Plants 
grown in low pH calcium niti'ate solutions as compared with those grown 



70 I 



in high pH calcium nitrate solutions (Comparison 5) had a higher wilt 
index and a greater number wilted severcl.y or dead. These differences were 
of probable significance for Series 1 (except on Aug. 7), of probable and 
high significance for Series 2, and of high significance for Series 3. Com¬ 
parisons 10 and 12 between plants grown in high pH calcium nitrate solu¬ 
tions and low pH ammonium sulphate and ammonium nitrate .solutions, re¬ 
spectively, also showed significantly lower wilt indices and a smaller number 
of severely wilted and dead plants for the high pH calcium nitrate solutions. 
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except oil Aug. 7 in Series 1 and on Oct. 12 in Series 2, comparison 10. 
The lack of significant differences on Aug. 7 and Oct. 12 was probably due 
to the slower development of wilt symptoms in ammonium sulphate solu¬ 
tions previoiisiy mentioned. There was, then, as shown in comparisons 5, 
10 , and 12, a consistently lower wilt index and lower wilt mortality in high 
pH calcium nitrate solutions than in low jiH solutions in vdiich the nitrogen 
was derived from calciuiii nitrate, ammonium nitrate, and ammonium 
sulphate. 



If the indices and the percentage of sevcrcily wilted and dead plants 
111 the high pH calcium nitrate solutions are compared with those for the 
high pll ammonium sulphate solutions, as in comparison 11, it will be noted 
tliat in .Series 1 and d the plants of greater age in the former solution were 
significantly lower as to both wilt index and the number of severely wilted 
and dead plants than those in the latter solntion. The lack of significant 
diflerenees in Series 2 was probably due to the relatively large number of 
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plants in the high pH ammonium sulphate solutions that, for some unknoAvn 
reason, escaped infection (table 2). Because of the slower development of 
wilt in plants grown in ammoniiim sulphate solution, the plants of inter¬ 
mediate age in Series 1, 2, and 3, respectively, did not show significant dif¬ 
ferences on Aug. 7, Oct. 12, and Sept. lo. In comparison 13, tlie high pH 
calcium nitrate plants of Series 3 were significantly lower in wilt index and 
severely wilted and dead plants than the high pll ammonium nitrate plants, 
wliereas in Series 1 and 2 the differcniees between these two treatments were 
not significant. In Series 3 pH changes in tlie solutions were adjusted so 

TABLE 3. —Analysts of variance of sccrrcly ivilted and dead plants illnslratiny 
several sets of comparisons computed from the same data. Series October 1943 


Deijrces 

('oiu Treatments of Mean 

parison freodoin 


A 


TOTAL 17 


liow ])ri “ Hifjli pH 1 

Cu(NO,)o-(NlL)gSO, 1 

2[N1LN0,] - |Oa(NO,)o-f (NIL),SO,] 1 

(pH X Solution) Ca(NO:;)o - (KIL)..Sd 4 1 

(Interaction) 2{KE,m),) - (NTIOgSO^] 1 


ERROB 12 


1070.257 

9507.745** 

631.040 

813.061 

50.102 

328.093 

571.952 


B Tvovv pH ~ Hi^h pH 

Low pH Ca (NO,)«~ Low ])H (NTL)..S 04 
Ili^rh pH 0a(i\O;,)..-IIighpH (Nn 4 )g 804 
2(Low pH NILNO,,) - [Low ]>H Ca (NOa )2 + Low pH (^Ii,)SO,] 
2 (High pH NH^NOr) - [High pH Ca (NO.,).. 

I High pH (NIDrSO^] 


1 9507.745** 

1 162.760 

1 518.382 

1 54.253 

1 1087.800 


C 


ERROR 12 


Low pH Ca (NO:.).- High pH Ca(NO.,)2 1 

Low pH (NIL).Sd4 - High pH (NH 4 ).,S 04 1 

Low i)H Nil4NO., - High pH NH4NO., 1 

Ca(NO:,),- (NILL.SO 4 1 

2(NH4NO.,) - [Ca(NO r),- f (NH 4 ).S 04 ] 1 


ERROR 12 


571.952 

4719.132* 

3444.010* 

1722.798 

631.040 

813.961 

571.952 


* Indicates significance at tlie 5 per cent level. 

** Indicates significance at the 1 per cent level. 

tJial the |)H level was higher than in Series 1 and 2 where the pll decreased 
between solution renewals. In the higher pH of the solutions of Series 3 
wilt susceptibility and wilt mortality increased in the ammonium nitrate 
solutions. 

If the differences discussed in comparisons 1, 31, and 13 were due to the 
source of nitrogen at the respetdive pH level of the nutrient solutions used 
and were not due to the particular balance of the nutrient salts, it follows 
that two factors, nitrate nitrogen and high pH, both contributed to de¬ 
creased wilt incideiK'c and plant mortality and that neitlier factor, by 
itself, would account for the observed differences. In this connection it 
has been reported by Taubenhaus and coworkers (8) that wilt was less 
prevalent in Texas soils of high pH. In regard to tJie possibility that the 
response of the plants to inoculation with the wilt oi'ganism was a nutrient 






Table 4 .—Comparative effects of pTI and nutrients upon the severity of wilt at an intermediate and at the final date of ohservation of each 
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» Plus and minus signs are used to designate the solution in each comparison in which wilt severity was significantly greater than that observed 
in the other solution. Plus signs indicate greater wilt severity for the first member of the comi>arison; minus signs, the second member. A single 
plus or minus sign indicates significance at the o per cent level ; double signs, at the 1 per cent level. 
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balance effect, definite information might be obtained b>' noting the effects 
of nitrate nitrogen at a pH of 6.6 to 7.0 over wide ranges of nutrient salt 
balance. It has been shown, however, that with the balance of nutrients 
in the solutions used in this investigation a supply of nitrate ions derived 
from calcium nitrate at a j)!! of 6.6 to 7.0 together with an absence of 
ammonium ions markedly influenced wilt susceptibility and xilant mortality. 

There are several other comjiarisons in which significant differences were 
limited to Series 2. Comparisons 14 and 17 show a lower wilt index and less 
severe wilt for plants in high pH ammonium sulphate solutions, doubtless 
due to the number of plants in this series that escaped infection. The dif¬ 
ferences shown in comparisons 6, 8, and 15 are due to the relatively slower 
development of wilt symptoms in plants grown in ammonium sulphate solu¬ 
tions (observed in all scries) which attained statistical significance onl}^ in 
Series 2. In comparisons 9 and 19 only the differences observed on Oct. 12 
in Series 2 were due to a delay in api)earain*e of wilt symptoms after inocula¬ 
tion of plants in high x^H ammonium nitrate solutions. This delay was also 
obs(‘rved in Series ‘1, but was not statistically significant. 

The data indicate that at a pH near neiitralitx, wilt resistance increased 
only when nitrogen w^as derived from calcium nitrate in solutions of the 
nutrient balance used in these experiments. 


SUMMARY 

1. Plants grown in high x^H calcium nitrate solutions had markedly 
less wilt injury and a lower mortality than those grown in any other solution. 

2. On x^hiiits grown in low x^H calcium nitrate solutions severe wilt 
symptoms develoiied in a shorter time than in any other solution. 

3. Severe wilt injury develox:>ed rapidly on plants in low x>II ammonium 
nitrate .solutions. 

4. Wilt injury in the high pH ammonium nitrate solutions was less than 
in the low pH ammonium nitrate solutions but was greater than in the 
high pll calcium nitrate solutions. 

5. Wilt injury develoiied more slowly on x>lants grown in solutions con¬ 
taining oidy nitrogen from ammonium snlx^hate than on those grown in low 
pH calcium nitrate or ammonium nitrate solutions. 

6 . Two mutually dexiendejit factors, a x>ll of 6.6-7.0 and nitrate nitro¬ 
gen derived from calcium nitrate at the particular nutrient balance used, 
contributed significantly to increased wilt resistance and decreased wilt 
injury. 

CLE.M.SON Agricultural College, 

CiiEMSON, South Carolina. 
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ATTEMPTS TO CONTROL BACTERIAL BLKJHTS OF 
PEAR AND WALNUT WITH PENICILLIN 

B . A . B u 1) o L p II 
(Accepted for publication May 28, 1946) 

It is wel] known that penicillin, primarily bacteriostatic against Gram- 
positive bacteria, may also inhibit the growth of certain Gram-negative 
organisms. Brown and Boyle’ reported that the penicillin sensitivity of the 
Giam-negative organism of crown gall, Agrohacterkim tiimefaciens (Smith 
and Townsend) (^onn“ syn. Phytomonaa fumefaciens Bergey ei al, differed 
little, if at all, from that of Micrococcus pyo(fcncs var. aureus (Rosenbach) 
Zoph. syn. Staphylococcus aureus Rosenbach, the organism generally used 
to determine the assay value of penicillin. But they themselves point out 
that the conditions under which their experiments were conducted may leave 
the residts open to (juestion. They also found weak solutions of penicillin, 
even in an iinpurified state, to be distinctly effective in vivo against crown 
gall on Bryophyllum when tlie galls were wrapped with (*otton soaked in the 
jienicillin solution and punctured with needles pushed through the wet 
cotton.’ '' In earlier studies by Brown and Boyle penicillin was effective 
in vitro against Ertvinia carnegieana Standring, the Gram-positive pathogen 
responsible for the rot of tJie giant cactus {Carncgi(>ana giganiea Britt, and 
Rose) in the Pacific Southwest. They also obtained some evidence of sus¬ 
ceptibility of (U)ryncbacteriufn sepcdonicum (Spieckermann and Kothoff) 
Skaptason and Burkholder, the potato-ring-rot pathogen, to penicillin in 
vitro.^ Waksman'^^' and his associates also have contributed additional 
infoimiation on tlie efl’eet of several antibiotics on various plant pathogens. 

KX1*ERIMENTS AT THE DECIDUOUS P'RUIT FIELD STATION 

In the fall of 1944, experiments were undertaken to test the antibiotic 
activity of unpurified penicillin against two important Gram-negative plant 
pathogens, namely Xanthonwnas juglandis (Pierce) Dowson, syn. Phylo- 
monas juglandis Bergey et aL [walnut blight] and Ertvinia aniylovora 

1 Blown, J. G., Mild Alice M. Boyle. ApplicMtioii of penicillin to crown gall. Phy- 
topath. 35: 521-524. 1945. 

The nomenclature for all bacteria referred to in this paper is that used in the sixth 
edition of Bergey’s Manual of Determinative Bacteriology now in press, and was kindly 
furnished by Dr.‘ Bobert S. Breed, Chairman, Board of Editors, New York State Experi* 
nnmt Station, Geneva, N. Y, If the nomenclature is being used in the sixth edition of 
the Manual for the first time, the latest accepted synonym used in the fifth edition is 
also given in this paper. 

Brown, J. G., and Alice M. Boyle. Penicillin treatment of crown gall. Science 
100: 528. 1944. 

4 Brown, J. G., and Alice M. Boyle. Effect of penicillin on a plant pathogen. 
Phytopath. 34: 760-761. 1944. 

5 Waksman, Selman A. Microbial antagonisms and antibiotic substances. 350 pp. 
New York Commpnwealth Fund. 1945. 

6 Waksman, Selman A., Elizabeth Bugie, and H. Christine Beilly. Bacteriostatic and 
bactericidal properties of antibiotic substances, with special reference to plant-pathogenic 
bacteria. Bui. Torrey Bot. Club 71: 107-121. 1944. 
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(Burrill) Bergey ct oil, [pear blight]. An improved strain of Penicillium 
notatum (1249~b-21), originally obtained from the Northern Regional Re¬ 
search Laboratory, Peoria, Illinois, was grown upon a modified Czapek-Dox 
liquid medium supplemented with lactose and corn steep liquor. The flat- 
bottle method was employed, and all known requirements for the maximum 
production of penicillin with regards to the length of time lor cultivating 
the fungus, the pH, temperature, etc., were observed. In replicated tests 
the assays were sufficiently high to markedly inhibit growth of Micrococcus 
pyogenes var. aureus. The strain used was obtained from the Food and 
Drug Administration of the Federal Security Agency and was one developed 
by them for assay purposes. 

Dr. C. E. Clifton" and his associates devised a convenient assay method, 
not heretofore reported, which obviates the use of glass assay cylinders or 
paper discs. Brieflj^ the method is as follows: exactly 30 ml. of a suitable 
2 per cent nutrient agar are poured into standard Petri idates of 100-inm. 
diameter and seeded in any one of the several conventional ways with 0.1 
ml. of a 1 to 10 dilution of a 24-hour culture of Micrococcus pyogenes var. 
aureus. Holes exactly 10 mm. in diameter are cut in the seeded medium 
with any sharp-edge, sterile, metal tube, such as a cork borer. Into a hole 
is dropped 0.1 ml. of the ])enicillin-containing broth to be assayed, after 
which the plates are incubated for 24 liours at 35-37'^ C., the optimum tem¬ 
perature for growth of the organism. The number of units of penicillin per 
milliliter of the test solution is iletermined by referring the measurement of 
the diameter of the circular area of inhibition in the plate to a table of known 
value. Xantliomonas juglandis tested against the unpurified penicillin in 
this manner seemed to be inhibited lO a slight extent, but the growth of 
Erwinia amylovora was not affected. Both of these organisms were incu¬ 
bated at 30" C., the tem])ei‘ature generally considered to be their optimum. 
Also, cultures of Xanihonionas juglandis. somewhat older than 24 hours and 
with maximum turbidity, were used to seed the plates, since this organism 
grows rathei slowdy even at its optimum temperature 

TJiis method also permits of determining the number of units of (*om- 
mercial penicillin required to bring about complete inhibition of the growth 
of any susceptible organism by inlroduciug* graduated dilutions of the drug, 
the assa\ \alue of \vlii(*h is known, into the plates seeded with the organism. 

A^ntihioiic Acfivily of Commercial Penicillin Againsi Erwinia amylovora 
in \ liro. Experiments with unpurified penicilliri were discontinued wdien 
public sale qf the pure, commercially prepared drug was permitted by gov¬ 
ernment directive on March 15, 1945. kSooii after that date the writer 
entered into a cooperative arrangement wdth the Commercial Solvents (Jor- 
))ora1iou of Terre Haute, Indiana, which supplied generous quantities of 
pure penicillin of known assay value for additional studies, and for wdiicli 
grateful acknowdedgment is made here. 


... , " indc«btod to Dr. CUftoii, Department of Baeteriology, Stanford 

Dniversity, for miuiy helpfnl suggestions and criticisms during the course of the work 
and in the correction of the manuscript. ^ ^ 
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Strains of Erwinia amylovora from different sources were tested against 
graduated dilutions of cominereial penicillin in sterile, distilled water by 
the plate method described. Certain autogenous cultures from pear trees 
and others from apple trees in the same orchard were sensitive to the peni¬ 
cillin; all other cultures Avere resistant to its action. The circular areas of 
inhibition in the plates were clean-cut, but all measurements were made 
under the microscope when it Avas observed that minute colonies of the organ¬ 
ism, imperceptible to the naked eye, slowly grcAV in a narroAv zone, usually 
about 5 mm. wide, between the area of absolute inhibition and that of unre¬ 
stricted growth. Under the microscope, the organism growing in these 
marginal zones appeared either as tiny, discrete colonies or as scarcely more 
than a granulation in the agar. Throughout this paper the diameter of the 
zones of inhibition as determined by both microscopic and macroscopic in¬ 
spection are given, the first figure representing the diameter as observed 
under the micros(‘opc and the second as measured directly Avith the naked eye. 

Dilutions of commercial penicillin containing 1000 units per 0.1 ml. 
inhibited the groAvth of the autogenous strains of Erwinia amylovora in 
(drcular areas of 35 to 45 mm. diameter. Dilutions of 100 units per 0.1 ml. 
inhibited growth in cir(*nlar areas A'arying from 25 to 35 mm. Dilutions of 
10 units per 0.1 ml. failed to affect the organism at all.* 

In parallel experiments Avith Er^winia amylovora from apple tested 
against the same lot of penicillin, a slightly greater resistance to the drug 
AA^as noted; thus dilutions of 100 units per 0.1 ml. inhibited groAvth in circular 
areas of ordy 20 to 30 mm. diameter. 

In check plates of MicrocorcKS pyogencH A^ar. avrcns, dilutions of the 
same lot of penicillin containing only 0.1 unit per 0.1 ml. inhibited groAvth in 
(drcular areas Avith diameters varying from 25 to 35 mm. 

Antihiol'ic Aciiviiy of Commercial Penicillin Against Xanihomonas fug- 
landis in Vitro. The Avalnul-blight organism proved to be definitely more 
susceptible to penicillin than Erwinia amylovora . Wliereas a dilution of 
the drug containing 10 units ]ier 0.1 ml. failed to affect the Erunma, the 
groAvth of Xanihomonas juglandis in replicated tests Avas inhibited in cir¬ 
cular areas of 20 to 30 mm. diameter. At dilutions of 1 unit per 0.1 ml. the 
organism Avas not affected. 

That penicillin is not only baxderiostatic in its action against Xaiiiho- 
nionas juglandis and Erwinia amylovora, but bactericidal as well, is evi- 
denced by the fact that no colonies of the organism ever developed in the 
circular areas of complete inhibition regardless of time. Numerous sub¬ 
cultures made at frequent intervals for tAvo weeks from such areas in plates 
of XantJiomonas juglandis remained sterile. 

A ttempts to Control Erwinia amylovora in Vivo. Four mature Bartlett 
pear trees severely affected AAuth blight were injected AAuth xienicillin solution 
in June, 1945. Infection had taken place several months earlier, almost 
exclusively through the blossoms as is characteristic of the disease in the 
Santa (Tara Valley, and had spread to the twigs and limbs Avhere it av.ps 
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still very active. Four holes, 3 ^ inches in diameter and not less than 3i 
inches deep, were bored just below the crotch of a tree and equidistant on 
the circumference of the trunk which averaged 22 inches. Pieces of galva¬ 
nized iron tubing, 3 ^ inches in diameter and 2 | inches long, were driven just 
deep enough into the holes to insure a tight seal. Five-foot lengths of rub¬ 
ber hose attached to the projecting ends of the tubes conveyed the penicillin 
solution in a straight drop from clean cans suspended in the trees. The cans 
were ventilated through cotton filters in the lids. 

One tree was injected with t500 ml. of a solution of commercial i)enicillin 
containing slightly in excess of 1000 units per M. It was this dilution, 0.1 
ml. of Mdiich iiihibited growth of Erwinia amylovora in circular areas 25 to 
35 mm. in diameter in test xdates. The drug was dissolved in distilled water 
near the freezing j)oint to offset i)Ossible deterioration by the warm atinos- 
l^heric temperatures revailing at the time. The three other trees received 
identical dilutions of tlie drug j^repared in the same May, but only 250 ml. 
of solution per tree M^ere used. 

The trees shoMcd no unfavorable reaction to tlic drug. The solution was 
readily absorbed by all four trees Mithin a few hours, but the results M'ere 
unqualified failures. A day after injecting the trees, bits of diseased M'Ood 
from tMugs selected as close to tiie point of injection as possible, M^ere planted 
in sterile, green, iiear-fruit tissue and incubated at 30® C. Erwinia amylo¬ 
vora grew luxuriantly in practi(*ally 100 per cent of the cultures prepared 
in this way. 

A fifth tree received protracted treatment with a stronger solution (con¬ 
taining 1408 units of comniercial })enicillin per ml. The drug was xiure, 
but, unlike the commercial product, it Lad not gone through the final process 
of sterilization. In this condition it is much (iheaper but is considered 
unsuited for therapeutic use in humans or animals. Tlie tree was injected 
three times at intervals of 24 hours, each time Muth 500 ml. of the solution. 
FolloMung tlie injections, several hours ai’ler the solution had been absorbed, 
one liter of sterile, distilled water was added to the can for the sole purpose 
of keeping the M^ood in an absorptive condition, experience obtained in pre¬ 
liminary experiinents having sIiommi that it considerable time is allowed to 
elapse betweim inje^dions the M^iod ceases to absorb the solution. This may 
possibly be due to the formation of tyloses or the production of gum in the 
tracheae. 

The result of this experiment M^as an unqualified failure. x\ctually more 
of the numerous cultures made froiii the treated wood yielded the organism 
than did wood from check trees adjoining. This must be regarded as a 
coincidence. 

AMempls to Control Xa7ithomonas juglamdis in Vivo. In A|)ri], 1945, 
a total of 11 mature Payne (English) walnut trees with an average diameter 
of 29 inches groMung near the Deciduous Fruit Field Station were injeeded 
with commercial penicillin in solution prepared in precisely the same way as 
described above. No less than 4 and usually 8 injections were made per tree 
depending upon the circumference of the trunks. 
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Plate tests reported elsewhere in this paper showed that 0.1 ml. of a 
dilution of the drug containing 100 units per ml. was sufficient to inhibit 
growth of Xanthomonas juglandis in large areas. The strength of the solu¬ 
tion used in the trees varied from 200 to 600 units per ml.' and each tree 
received 1 liter of solution. 

The results were unqualified failures. Broth cultures made from occa¬ 
sional lesions on the petioles of leaves taken as close to the points of injection 
as possible yielded the organism readily. 

llie Effect of Passage Through Pear Wood on Penicillin. To determine 
whether the failure of penicillin to control Envinia amylovora in vivo might 
have been due to adsorption or inactivation of the drug by the wood in which 
it was injected, the following experiment was performed. 

A healthy, 3-year-old pear shoot, 1 inch in diameter and 32 inches long, 
was cut from a dormant tree in January and painted with melted paraffin 
except at the cut ends. The shoot was then forced through 2 large, per¬ 
forated rubber corks, one of which served to seal about 10 inches of the shoot 
inside a Martin vacuum jar. The cork at the opposite end of the shoot fitted 
into a receptacle holding 20 ml. penicillin solution in which 200,000 units of 
the drug were dissolved. The Martin jar was evacuated under low vacuum, 
and the liquid that was extracted from the end of the shoot was removed 
from time to time. When the last of the penicillin solution had disappeared 
into the shoot, the pump was kept running for several minutes, and then an 
indeterminate amount of distilled water was added to the receptacle and 
drawn through the wood by vacuum. 

At the beginning of the experiment, pure, colorless sap started to drip 
from the end of the shoot in the Martin jar almost as soon as the vacuum was 
applied. After 25 ml. were collected, a faint suggestion of yellow color in 
the li(|iiid indicated that some penicillin was entering the saj) stream. This 
extract was discarded and the vacuum pump started again. By the time an 
additional 50 ml. of liquid w^ere collected, the color of the solution dripping 
from the shoot was practically the same as that of the original solution, a 
sample of wdiich had been kept. This extract was also discarded. The pump 
was started again and 20 ml. of liquid extracted, the deep yellow color of 
wdiich w^as only slightly lighter than that of the original penicillin solution. 
This liquid w^as used in the following experiments. 

A series of 1 to 10 dilutions w^ere made from each of the following : (1) 
the original penicillin solution ; (2) the dark yellow extract from the wood; 
(3) the same extract from wood after it had been filtered under vacuum 
through a short No. 3 Chamberlaiid candle. The antibiotic activity of 
the three series of dilutions was tested at the optimum temperature of 
the organisms in plates seeded wn’th Micrococcus pyogenes var. aureus and 
Xanthomonas juglandis. 

The number of units of penicillin present was known for only the first 
of the three series of dilutions, namely that made from the original, unfil¬ 
tered penicillin solution. This series of 1 to 10 dilutions contained 10,000; 
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1000; KK); 10 units i)er inl. A paraJlel series of (lilutioiis made of the 
yellow extract from wood liad somewhat less antibiotic activity against 
Micrococcus pyogenes var. aureus in test plates than the original nnfiltered 
penicillin series. But the difference seemed entirely a matter of dilution 
rathe]’ than iiUKdivatioji of the drug. Thus, 0.1 ml. of the yellow extract 
just as it came from the wood inhibited growth of the baxderia in circular 
areas of 60-70 mm. diametc]*. As the antount of penicillin decreased with 
ea(‘h succCiMling dilution, the areas of inhibition, always sharply defined, 
grew correspondingly smaller. Nevertheless, even the fourth dilution in 
the seri(‘s inhibited growth in clean-('ut areas ol‘^0-30 mm. diameter. 

Ihissage of the yellow extract from the wood through the Chambei’land 
candle reduced its antibiotic properties still fnrtlier. ]3efore passage 
thi’ougli the candle, the undiluted extract inhibited growth of Micrococcus 
pyogercs var. aureus in circudar areas of 60-70 mm. diameter. After filtra¬ 
tion the diameters of the areas of inhibitioji were only 46-60 mm. 

(li’owth of Xanthomonas juglaudis Avas inhibited in clean-(*ut, (drcular 
areas of 30- 40 mm. diainet(‘r l)y the extraid as it came from the wood. Ibit 
a 1 to ]() dilution of the extract failed to affect tlie baideria at all excej)t at 
the edges of the holes in the plates. At these points the growth of the colonies 
Avas feeble, and they remained very small. 

DISCT'SSION 

There can be no doubt Avhatever that groAvth of certain strains of the 
(iram-negative organisms Erivrnia amylovora and Xanthomonas juglandis 
can be iidiibited in vitro by penicillin if strong enough solutions be used. 
That the action of the drug is not only bacteriostatii- but bactericidal as Avell 
Avas established. Tlie fa(d that in ])r(*liminary phases of the work certain 
strains ol Krwinni amyloimra proAaMl resistant to strong ('oncentration of 
I)eiHcillin might be attributed to the use of peni(*illin matei’ial that had de¬ 
teriorated somcAA'hat; betoi’e arrangements were completed Avith the Com- 
merical Sol Agents (orporation lor supplies ol the drug, a certain amount of 
it was purcliased in local drug stores. Tin* conditions under Avhich it Avas 
kept before j)urchase were not knoAvn, but it is recognized that penicillin 
sloAAdy deteriorates Avith age even under the best (conditions of storage and 
rapidly under irnpropei* conditions, especially, with improper 

There are several possible reasons Avhy penicillin failed utterly to conti’ol 
Erumna amylovora and Xanthomonas juglanriis in vivo: (1) too small 
amounts of penicillin solution may have been used, even thougli its strength 
Avas always considerably in excess of the concejitvations recpiired to destroy 
either organism in vitro; (2) the drug may have been diluted so mmdi bv 
the sap of tlie trees in which it was injected that it was rendered liarmless; 
(3) the peuicilli]! luaA' have failed to reach the baederia in the disorganizecl 
tissues of the lesions; (4) more injectiojis at shorter intervals may ha^e betm 
ne(*essary; (5) the action of penicillin may be evident only when in contact 
with susceptible, actively gi’OAving bacteria over a period oi* time. 
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With rei‘ereii(*e to the first reason eited, namely, that too small amounts 
of the drn^^ may have been injected, it should be stated that at no time was 
the disinfeetion of an entire tree exjiecded or eontemplated. The hi<>:h price 
of peni(‘illin makes exi)eriments of such s<*ope impractical. Even its cost 
in the small scale tests was |)rohibitive from the growers^ standi)oint. For 
instance, the retail cost of penicillin at the time was $3.50 per 100,000 units. 
The cost of injectinfr 1 walnut tree experiineidally with 600,000 nnits was 
$21.00 for the drug' alone. The retail price has steadily dropped since tlien, 
and at the time of writinn; this paper penicillin sells for $1.25 per 100,000 
ujiits. Even this price makes its use impractical by jirowers ex(*ept in 
amounts even smaller than those used unsuccessfully in the experiments 
reported. 

it was hoped that the dru^>’ mif^ht reach and permeate the diseased tissue 
of some lesions com|)aratively close to the j)oints of injection in suflfi(*ient 
(‘oiK'cntration to kill the ba(deria in them. Had this been at'complished, the 
method of control on a f»‘reat(*r s(‘ale could be referred to that probable, 
future day when the cost of the drug-, even in large amounts, would be no 
det(‘rrent to its use. 

That the penic'illin ])robably did not reach the bacteria in sufficient con¬ 
centration to kill them is indi(*ated by the fact that a pear slioot 32 inches 
long and 1 iiudi wide yielded 25 ml. of pure sap to begin with, then 50 ml. 
of sap containing penicillin in ever-increasing amounts but never as much 
as in the oi’iginal solution. Acdually the original solution (20 ml.) came 
through the wood largely as a unit ; the color of a final 20 ml. of extract indi- 
(‘ated this, and its antibiotic activity in plate tests further substantiated it. 
It is clear that the total sap (‘ontent of the pear shoot amounted to well (wer 
3 times the original volume of penicillin solution used, a factor that probably 
entered in tlie injection ex|)eriments and vitiated them. Whereas, the peni- 
(villin solution ('Oiild be |)ulled through the wood by vacuum largely as a 
unit in a f(*w Jiiiniites, a matte!’ of houi’s Avas i-ecjuired to inject a tree dur¬ 
ing whi(di time the penicilli!! solution, gradually entering the sap stream, 
probably Avas diluted to a point of inetretdiveness. 

Ijogically, for more |)recise results, the injetdions vshoidd have been made 
in one of the many scaffold bramdies of a tree rather than in its trunk, the 
(onsiderably greater size of Avhich maile proportH)nally greater dilution of 
the drug injected into it inevitable. Better still, the drug might liave been 
injected into a single diseased tAvig or shoot or even pulled through one by 
vacuum, after Avhicih cultures made from tlie Avood Avoiild have reA^ealed 
Avhether the drug had killed the organism or not. But, results obtained in 
these wa.A’s would liave little jiractical application regardless of their pos¬ 
sible success. Fr’om the beginning it was recognized that control of the 
tAvo organisms in vivo, to have any pi’actical signifi(*an(*e, would have to be 
through the tree trunks. To attempt to inject individual scaffold branches 
every year Avould be impraidical for groAvers. Aside from the great amount 
of time, labor, and equipment that would be required to treat an orchard in 
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this way, the i)roblcm of keeping the wounds sterile until healed to prevent 
wood decays, by no means simple even when the trunks alone are injected, 
would become too greatly complicated were it necessary to bore all the scaf¬ 
fold branches with holes. A considerable acreage of pears growing on 
calcareous soils in the Santa Clara Valley must, for best results, be injected 
with iron salts every two or three years to correct lime-induced chlorosis. 
The injections are made in the trunks. Heart rots following such treatment 
are by no means uncommon. The expansion and contraction of the wood 
under fluctuating temperatures, as well as the movement of the trees in the 
wind alone might be sufficient to break the seaPhetween the wood and the 
wax with which the holes are usually plugged and permit organisms of decay 
to make their way inside. These same factors woidd probably make it even 
more difficult to keep the wounds in scaffold branches sterile until healing 
was complete. 

Whether the diseased wood, unlike health}^ wood, resisted passage of the 
penicillin through it or adsorbed or inactivated the drug is not known. Nor 
is there any assurance that more injections at shorter intervals might not 
liave produ(*ed better results, but again the problem of time, labor, and 
expense from the growers^ standpoint, discouraged tlie undertaking of such 
experiments. Lastly% wdiether the j)cnicillin remained in ('ontact with tlie 
organisms long enough to kill them is problematical. 

SUMMARY 

The antibiotic properties of penicillin were tested against the (Iram- 
negative organisms, Erivinia amylov (Burrill) Bergey cf aL [pear blight ] 
and Xanthomonas jiiglanchs (Pierce) D''wson [walnut blight] in vitro and 
in vivo. In conventional plate tests, dilutions of the drug in distilled water 
at the rate of 100 units per 0.1 ml. inhibited growth of Erivinia amylovora 
completely in (circular areas of 25 mm. diafiieter, as seen under the micro¬ 
scope, or 35 mm., as seen by the naked eye. At the rate of 10 units per 0.1 
ml., the organisiri Avas not affected. Xantkoniona.s juglamlis is more sus¬ 
ceptible and was inhibited by dilutions of 10 units per 0.1 ml. in circidar 
areas of 20 to 30 mm. diameter, but it was not affected by 1 unit per 0.1 ml. 

Penicillin is not only bacteriostatic but bacterii'Idal as well. 

Attempts to control either organism in vivo failed completely. Indi¬ 
vidual pear trees, severely affected with blight, were injected once in their 
trunks with as much as 500 ml. ol penicillin solution containing more than . 
1000 uniis per ml. Also, one tree was injected three times, at 24-hour 
intervals, with 500 ml. penicillin solution containing 1408 units per ml. 
Nuuierous enltures made at intervals from active lesions on twigs close to 
the points ^)f injection showed that no control of the organism had been 
•obtained. 

Individual walnut trees were injected with 1 liter of penicillin solution 
containing 200 to 600 xinits per ml. with no better success. 

To determine wdietlier the penicillin solution might have been adsorbed 
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or inactivated by the wood, 20 ml. of solution containing 200,000 units were 
drawn through a 32-inch long, healthy, 3-year-old pear shoot under vacuum. 
The wood yielded practically 75 ml. of sap before the peni(*illin solution came 
through. Finally 20 ml, of extract were collected, the color of which was 
only slightly lighter than that of the original solution. Its antibiotic prop¬ 
erties against Micrococcus pyogenes var. aureus and Xanthomonas juglandis 
were found to be slightly impaired, but by dilution rather than inactivation. 
Passage of the extract through a short No. 3 Chamberland candle reduced 
its antibiotic activity slightly. 

The failure of penicillin to control Erwinia amylovora and Xanthomonas 
juglanrlis in vivoy even at short distances from points of injection in the 
wood, is believed to have been due largely to excessive dilution of the drug 
by the sap. Other possible reasons for the failure are discussed. 

The pri^sent prohibitive cost of penicillin makes it impractical to use 
larger amounts or stronger solutions of it than reported, and even if either 
organism had been controlled in vwOy growers still would liave to wait until 
the drug is consideralily cheaper before siu'h a method of control could be 
utilized economic^ally. 

University of California DEeiiuTous Friut Field Station, 

San Jose, California. 



A STUDY OF VEGETABLE SEED PROTECTANTS^ 


(' A R I. T O N F . T A Y h O R AND J O S E J’ H A . F IJ I" E R T 2 

(Acceptocl for ])ul)li<*Mti()n May 28, 194()) 

CheiiiicHl trOfitnieiit of vegetable seeds to pi'oteet ajiaiiist the ravages of 
(lampinir-off lias been the subject of niucli investij^ation (liirifijJi: the past two 
d(‘ca(les. While a considerable ainount of researc'h had been done earlier, 
the introduction of the practice of dust treatiuei/t of vejyietable seeds in the 
late twenties stiimilated f^reater activity. 

Under the stress of Avar-imj)osed s(‘arcities of ('ertain metallic salts here¬ 
tofore principalJy used, a study of less-scai’ce metals and of certain newly 
develoi’.ed organic fungicides Avas undertaken in the sprin<>' of 1942. Results 
obtained in the privliminary trials conducted by the junior author prior to his 
entrance into the armed services led to tlie detailed study of a few materials 
by the senior author durinj** the winter of 1942-48. The studies lierein re- 
port(?d are additional to tests condinded in cooperation with the committee 
of the American Pliytopatholoj'ical Society on coordination in cereal and 
ve^’etable seed treatment research. 


THE I)EV10Ii()l\MENT OF DTTST MATERIALS AS SEICD PROTEi; PANTS 


Orjianic mei*cury compounds, already in use for a decade in liipiid form, 
were developed for use as dust tn»atments on V(‘jL:‘etable seeds in tin* mid- 
twiuities. Tn the United Stales, by 1926-27, Orton (81), Coons and Stewart 
(H), Jones ( 25), and llaenseler (14) were able to rejiort success with these 
dust materials as seed prote(*tants on A’e<»etables, Aithoipili McWhorter (80) 
found tin* dust treatment less elTective than the comparahic licpiid treatments 
in protecting* beets a|i*ainst soil-borjie patho<»‘ens in lireenliouse trials, the 
development of suitable seed in-otectants in dust form constituted an im¬ 
mense step toward wide adojition of tin* practice of protective seed treatment. 
In most cases satisfmdorily replacinj;* the moi-e inconvenient method of soak- 
in^^ the seed in liijuid solutions, tliey jiroveii a boon in the stru^’ole against 
(lampiiig-ofT. 


Tlip soaking oi' vogetaliiii seeds in solnlions of eopj)er siilphate had long 
been |)raetieed \vitli good i-esults by some growers. The case of apr)lieation 
ot dusts to tin: dry seed led Coons and Stewart (8) and Horsfall (17, ]8) to 
test dusting with powdered eoppej- sul])bate and monohydrated copper suK 
pbate as a substitute for the method of soaking the seeds in copper sulphate 
solution. These copper salts were found to adhere poorly to the seed coat 
and proved to be i-ather unsatisfactory in performance. However, reeo-nii- 
tion of the ]>oor adherence as a probable cause of the poor protection stimu¬ 
lated a survey of the other salts of copper, from among which Horsfall (18 
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19) sekHjted red cuprous oxide as beiii^r the most promisiut^L Subsequent 
work by Horsfall (20, 21, 22, 2:1) and by others (:i, 5, 6, 7, 2b, SS) has shown 
the benefits to be derived from the use of this material and also has revealed 
eej'taiii difficulties arisin|i‘ Ironi its use. It has proved to be injurious on 
man,>' acid soils and, in (tommon with other copper salts, it frequently causes 
a hardeninj^ oi the seed coats of lima beans. It is also injurious to (*rucifers. 
To reduce iutertacial friction between seeds, it has been j’ound ne(u'ssary to 
add jiraphite with the red c»iprous oxide (4, 5, 22), a practice which Hulbert 
and Wliitney (24) had found efficacious in reducinji' interfacial friction 
between pea seeds treated with Ceresan or with copper carl)onate. 

A later development was use of the yellow form of (uiprous oxide, tlie 
color change being the residt of reduction in ])article size. The yellow 
cuprous oxide has been mor'c effeedive than the red form at equal dosages 
and has been equally effedive at reduced dosages (16, 22). 

ZiiK' oxide was found effective as a seed treatment material by Horsfall 
( 20, 21) and was popularized for \ise on spinach by Cook and Callenbach 
(5, 6, 7). Other than on sj)inach and cabbage it has been used to a much 
less extent tlian has ('uprous oxide. Treatment with zinc oxide also increases 
the fri(‘ti()n between seeds, thus necessitating the addition of graphite wliere 
the seeds are to be machine-planted. 

Tile adoption of the oxides of these two metals as seed-protectant mate¬ 
rials did much to ])oi)vdarize the practi(‘e of treatment of vegetable seed. 
These materials, relatively inexpensive and effective on many crops and 
under many conditions, were adopted quickly by commercial vegetable i)ro- 
diu'crs. In 1925 the red eu])r()us oxide treatment was applied to 20,()()0 
bushels of peas in New York (,1), and in 1936 it was used on 50,000 busliels 
in lliat State alone (2). P>y 19:>7 Cook (5) reported that aj)|)roximately 
150,000 pounds of spinacli seed were treated annually in the Norfolk, Vir¬ 
ginia, area. Bei'ause of the |)oj)ularity of the zim* oxide seed treatment in 
that area, presumably most of this seed was treated witli zinc oxide. During 
the same i)eri(jd, these matci'ials were accepted and recommended as seed 
])i‘ote(‘tauts in many states and on many crops. 

These develoiJUKMJts in tlie field of protective seed treatments stimulated 
active seandi for other etfeedive materials. In 1940 Cunningham and Shar- 
velle (9) re})orted promising results obtained in the treatment of lima beans 
with two synthetic organic compounds. One of these, later identified as 
tetrachloro-])ara-benzo(|uinone and marketed as Spergon (36), has proven 
gejierally to be a very satisfacdory seed protectant on vegetable seeds. It has 
been especially successfui witli legumes (9, 11, 27, 36). Increased height of 
peas from Spergon-treated seed was observed by Felix (11). Sharvelle and 
Shema (35) reported evidence of stimulation in field-grown peas while Mc- 
NeAV (28) obtained imu’eased size of plants from disease-free i)eas planted in 
steamed soil when Spergon was used as the seed treatment material. Davis 
and Haenseler (10) and Oould (12) reported that, while Spergon was satis- 
fack)ry with beans, lima beans, and peas, it was less effeedive than certain 
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other materials with beets and si)inach. Person and Chilton (32) reported 
that, with flowers, emergence was satisfactory following the use of Spergon 
but that the final stand was lower than where j^ellow cuprous oxide was used. 

Recognized slightly later than Spergon, two derivatives of carbamic acid, 
tetramethyl thiuramdisulphide and ferric dimethyldithiocarbamate, have 
given favorable results in studies reported on in 1943 by McNew (29), 
Taylor, Leach, and Rupert (37), Davis and Ilaenseler (10), Gould (12), and 
Porter (34). Many investigators have reported on these materials since 
1943. During 1943 tetramethyl thiuramdisulphide was introduced as a seed- 
proteetant material under the name ‘‘Arasan/^ lliis containing 50 per cent 
of the active ingredient in a non-wettable diluent. Ferric dimethyldithio¬ 
carbamate, introduced into commercial use as “Fermate,^’ has found its 
chief value as a protective spray fungicide, though it is, in many cases, an 
effective seed protectant. 

DAMPING-OFF 

Throughout these studies the term damping-off has been construed as 
applying to the rotting of viable seeds and to the killing of the seedlings 
before emergence, as well as to the more commonly re(fognized killing of the 
emerged seedlings. For convenience, the terminology of Horsfall (18) has 
been employed to distinguish between the types of damping-off. 

Pre-emergence damping-off. With this type of damping-off the young 
seedling is invaded and destroyed before it emerges above the surface of the 
soil. 

Post-emergence damping-off. This is the more commonly recognized 
stage of damping-off. The already emerged seedling is invaded and the stem 
becomes water-soaked near the ground line—the i)iant then topples over 
suddenly, usually while the cotyledons are still green. With slightly older 
seedlings the plant occasionally survives invasion but the stem becomes dis¬ 
colored and hard, the so-called wire-stem of seedlings. In other cases small 
brown lesions ma.y develop on the stem or roots but the seedlings survive the 
invasion. 

The fungus Pylkium idtimum Trow prin(*i])ally was responsible for the 
dainping-off reported in the following experiments. 

MATERIALS 

The preliminary trials were with proprietary materials developed as seed 
protectants, various inorganic salts, and a few organic compounds available 
from fruit spray experiments. Later, otlier materials were obtained specifi¬ 
cally for trial as seed protectants. All proprietary compounds were pro¬ 
vided gratuitously by the several manufacturing companies. A list of the 
materials tested, together with their composition and source follows: 

AAZ: Special zinc oxide; Rohm & Haas Company. 

Arasan: Tetramethyl thiuramdisulphide, 50 per cent active material, 
non-wettable; B. I. duPont de Nemours & Company. 

C-119: Copper trichlorphenate, 20 per cent; Dow Chemical Company. 
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Cuprocide: Red cuprous oxide; Rohm & Haas Company. 

Fermate: Ferric dimethyldithioearbamate, 70 per cent active material, 
wettable; B. I. duPont de Nemours & Company. 

Iron suli)hate; Mellon Institute, 

Japanese Beetle Spray: Tetramethyl thiuramdisulphide, 80 per cent 
active material, wettable; E. I. diiPont de Nemours & Company. 

Phenothiazine, micronized; E. I. duPont de Nemours & Company. 

Semesan :* Hydroxymcrcurichlorophenol, 30 per cent; E. I. duPont de 
Nemours & Company. 

Spergon: Tetrachloro-para-benzoquinone; Nauj^atuck Chem. Div., U. S. 
Rubber Co. 

Tetraclilororesorcinol; Pennsylvania Salt Company. 

Thiosaii (now Tersan) : Tetramethyl thiuramdisulphide, 50 per cent 
active material, wettable; E. I. duPont de Nemours & Company. 

In addition to the above, boric acid, copper carbonate, silver carbonate, 
silver chloride, silver chromate, silver iodide, silver nitrate, silver orthophos¬ 
phate, silver oxide, and silver sulphate, C.P. grade, were tested. 

PRELIMINARY TRIALS 

In a preliminary survey in 1942 the protective value of a number of 
materials was tested on spinacdi seeds in one or more of four greenhouse 

TABLE 1 .—Preliminary tiHals on need treatment of si>inachy 100 seeds per plot, with 
dosage at full maximum capacity of seeds 


Emergence of x)lants, in per cent 



Test 1 

Test 2 

Test 3 

Test 4 

Date planted . 

Re(?ord, davs after planting . 

Number of rei>lieations 

Apr. 26 

8 

5 

May 15 

7 

4 

J uno 4 

6 

5 

June 29 

7 

5 

Material: 





Silver carbonate . 

30.0tt 

60.0 

11.0 

41.6 

Silver chloride . 


31.8a 



Do . . 


39.0»J 



Silver iodide . 


28.5 



Silver nitrate . 

19.2“ 




Silver sulphate . 

12.2a 




Zinc oxide . 

51.4 




Cox)pcr carbonate . 


52.2 



Cuprocide . 

58.2 

60.3 

44.4 

45.6 

Iron sulphate^ . 

10.4 



67.8 

Suljdiur (micro) 


22.3 



Semesan . 




39.2 

Boric acid . 

11.4 




Fermate . 


72.3 

65.4 

59.0 

Phenothiazine, micronized 




43.8 

Spergon . 

55.2 


52.6 


T.M.D.8. 




60.6 

No treatment .. 

13.4 

30.3 

27.4 

49.0 

Least Mean Sign. Diff. 5 per cent 

10.79 

9.76 

7.27 

8.90 


® Diluted, one part silver salt to nine parts bentonite. 

Diluted, one part silver salt to nine parts infusorial earth, 
c Finely powdered FeS 04 * l.SHoO. 






















































730 


i^IlYTOPATHOLOGY 


[ VOL. 36 


trials, i ll tl)ese tests the seeds were treated at the maximum load of material 
the seeds would retain, the presumably more toxic silver salts beiiiji: diluted 
before appli(*atiou. Final counts, presented in table 1, were made a week or 
less after plaiitiuj’- and ])revsent no data on the control of post-emer< 2 :ence 
dami)in«:-off. In fact, it is probable that additional emergence would have 
been recorded had later readings been made on these tests. Failure to 
emerge under these conditions may have been due to chemi(*al injury of the 
seedlings, to pre-emergejice damping-otf, or to a ('ombination of both factors. 

As a result of these trials, silver carbonate, Fermate, Spergon, and 
T.M.D.S. (tetramethyl thiuramdisulphide, 80 })ef cent active grade, proc¬ 
essed as “Jap Beetle S])ray’’) were selected for further tests on a number 
of ditfei’cnt crops. 

^r ABLE 2.— Prrr( Hluf/r sredlmg cmcrgt ncc in prrlirninnrif frials on seed Ircaf nit nf 


Em(‘rg(Mi('(‘ 
Til grc»*iiliou.s(‘ 


In 


Ciih 

l)ng(' 


(’jirrnt 


Let tueo 
1 : 


Miisk- 

riielon 


Tomato 


S\v('('t 

corn 



Date* planted . .hmc 19 July IT June 19 July 9 June 5 J iiuc .‘iO Juno Id Juno 15 

Days after 

planting . 5 II 8 8 10 8 9 10 

Soil pH . 5.25 5.4 5.25 5.1 5.4 5.4 7.4 7.4 

Materia 1 

Fennato . 95.2 51.0 9.0 15.2 70.0 88.8 92.4 89.0 

T.M.D.S. 9:1.0 5:i.2 .‘12.0 20.0 . 88.8 94.0 80.2 

Sporgon . 89.0 50.0 :J5.() :i:i.O 72.8 89.0 89.2 80.0 

Cluprocide* 74.2 53.8 29J) :i9.0 70.4 88.4 85.4 88.0 

Silver earb. . 8().0 45.2 20.2 10.6 71.1. 79.8'^ 78.0 07.2'- 

Not treated . 77.0 40.O 50.0 .'18.0 4.4 7(;.2 79.4 70.0 

Lt*aHt Me.'jn Sign. 

Diff. 5 per cent 0.95 7.85 12,:17 5.00 i.42 4.92 5.70 5.49 


« 7\11 treatnumtH at niaxiniurii dosage Avith ilie e.weptiou of sweet eojii, when* 1 grain 
of material Avas applied to 180 grams of seed. 

Pronounced stunting of seedling.s. 

^ SoA'ere post-einergencc^ injury to se<*dlings. 

The results uf these tests on other ve*'etal)le seeds are shown in table 2. 
Here Ferniate, I’.M.D.S., S.oei fron, and Cui)ro(dde were approximately ecpial 
in eflhct on seedlnig emergenec on all crops exeeptiiiff lettuce, the one strik¬ 
ing exception beinjr the rediu'cd stand wliere Cnproeide was apidied to cab¬ 
bage seed (an effect wiihdi has been r(*poi-ted many times). With lettnee the 
pieture was less (dear and no benefit was obtained from any treatment. In 
eoTvsidering tliese data it slionld be em|)basized that, except on sweet corn, 
all materials were applied at the maximum amount which would remain on 
the seed. AA'^ith some kinds of seeds an exeessi\ ely high dosage must liave 
been api'died, since later tests showed that lettuce would retain Fermate to 
the extent of approximately 12 per cent of the seed Avoight. It is probable 
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that such excessive rates of treatment were conducive to seedling injury on 
lettuce. 

METHODS 

Preliminary trials indi(;ated differences between test materials in their 
ability to reduce or delay post-emergence damping-off. The following 
methods were employed to demonstrate such differeiuies, and to achieve some 
standardization in technique. 

Seed Trcaitncni. The seeds to be treated were weighed on an analytical 
balance (0.1 mg. sensitivity). The test material Avas added to the seeds 
whi(*h then Avere shaken vigorously in a closed vial, then shaken lightly over 
a 40-mesli screen to remove unattached particles of the test material, and 
reweighed. If the desired dosage had not been reached, more material Avas 
added, sliakeii, and screened as before. If tin* desired dosage AA^as not 
approximated in three attempts, a fresh start was made with untreated seeds. 

This method proved satisfactory Avit.h cabbage, carrot, cucumber, lima 
bean. |)ea, and spinach seed. AVith lettuce it Avas necessary to expose the 
.seeds for some liours in the balance room to i)revent humidity differences 
from (*ausing \ariations Ixdween successive Aveighiiigs. With seeds not 
adjusted to the liurnidity of the balance room such variations frefjuently 
were gr(*ater than the desired weight of test material. 

Tin* treatment method described Avas unsatisfactory with tomatoes be¬ 
cause the abrasive action of the shaking removed hairs from the seed coat 
and caused losses in Aveight; such losses varied ii*regularly with the amount 
of shaking. Here, the treatment AA^as accomplished by dilution of the test 
material Avith tidi*. Dosage rates Avere obtained by differential dilution, 
ai>plying tlie full load of malerial tlial the seed Avould retain. 

^(((l SrleclioH. Tin* spinach seed Avas S(*reened and only tliose seeds 
which ])assed through an 8-mesh, but not through a 10-mesh, screen Avere 
used. The lai*ger se(‘ds thus removed gave a lowin* rate oT germination than 
did the medium-size seeds. The cabbage seed Avas screened to remove the 
smallest seeds. The other kinds of seeds were not sized. 

^e( d-courrfing Procedure. The seeds Avere stored in vials until planted, 
at Avhicli time they Avere counted and distributed immediately into the roAV. 
Counting was facilitated by the use of a 1.5 x 5-inch (*ard folded into a 
ti*ough. A small (piantity of seeds was j)oured on the card, the i-equired 
number counted, and then poured from the card directly into the row. This 
l)roeeduro avoided a considerable amount of handling of seeds and mini¬ 
mized the loss of material from the seeds before planting. Distribution of 
tile seeds in the row was ('orri'cted by moving seeds with forceps, though little 
of this Avas needed if sufficient care Avas exercised. 

Hod. Clay loam at })H 5.4, Avith sufficient sand added to prevent severe 
crusting, Avas used throughout these experiments. Initially it Avas infested 
heavily Avith a freshly isolated culture of Pythiutn idtimum. Before start¬ 
ing each test the reipiired amount of soil was screened and mixed by reiieated 
shoveling to insure uniformity. 
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Where the possibility of chemical injury to the seed was anticipated, a 
duplicate planting was made using soil from the same source, but partially 
sterilized with formaldehj^de according to the method of Guterman and 
Massey (13). This was done in order to dilferentiate between reduced emer¬ 
gence due to chemical injury and low emergence due to poor protection 
against pre-emergence damping-off. The method of soil sterilization proved 
satisfactory in controlling pre-emergence damping-off. A small amount of 
post-emergence damping-off occurred, but the distribution of this suggested 
post-planting contamination. These damped-off seedlings did not compli¬ 
cate the emergence data since they were detected and recorded in tlie daily 
counts. 

Planting. Greatevr uniformity of covering of the seeds was achieved by 
pressing the rows to a constant de{)th inch for small seeds, inch for 
cucumber and other large seeds). The row-press consisted of a J inch board 
having rounded edges with sidepieces adjustable to the desired dei)th. After 
the seeds had been spaced, the row was fflled with finely screened soil of the 
same source, dispensed from a large funnel. 

Watering. The flats were watered heavily by sprinkling twice daily at 
a rate to maintain a high soil moisture. 

Plant Counts. When an appreciable emergence had occurred, daily 
counts were made of all plants. Those tiiat liad damped-oft* were recorded 
and removed. This method of counting provided data on the time of devel¬ 
opment of post-emergence damping-off* with different loaterials. In the 
earlier tests 100 seeds were used, eaeli replicated to live plots in a randomized 
block arrangement. Later the seed number per plot was rediiciMl to 50 with 
some crops, and to 20 with sm^li crops as cmmmbers. The total number of 
seeds used is shown in the discussion of each test. 

Stafislical Treatment. The least significant dift'ereiice between treat¬ 
ment means was determined by the method of Analysis of Variance. 

SEED TREATMENT OF SPINACH- -MATERIALS AND DOSAGE 

Following the preliminary trials, it was deemed advisable to test the 
materials at different dosage rates. The plants were counted daily for the 
first few days after emergence, later at 2-day intervals when most of the 
plants had attained, such size that they were not likely to damp-off and 
disappear^’ during a 43-hour period. 

In two trials of spinach (planted September 3 and October 19, 1942) 
certain materials and dosages were duplicated; these may be considered in 
a combined analysis of data drawn from the two trials. 

The filial results of the September 3 test are shown in table 3. Here 
the daily counts permitted accumulation of the total number of plants 
damped-off. This total, when added to the number standing at any date, 
permits the calculation of tlie total emergence to that date. The difference 
between the total emergence of plants and the maxiiniim expected emergence 
of plants (75 to 85 per cent in later trials with partially sterilized soil) may 
be attributed to pre-emergenee damping-off. 
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TABLE 3.— Results of greenhouse test on sinwich 'planted Sept. 3, 1942. Five repW 
cations of 100 seeds each 


Material 

Bosage 

Percentage of plants 16 days 

after x>lanting 

(Per cent) a 

Surviving 

Bamped-off 

Emerged 

T.M.B.S. 

2.76 

58.6 

7.8 

66.4 

Bo . 

0.97 

62.6 

10.6 

73.2 

Bo . 

O.oO 

55.0 

10.6 

65.6 

Bo . 

0.32 

53.8 

13.4 

67.2 

Bo . 

0.12 

47.8 

16.0 

63.8 

Eermate . 

7.38 

48.4 

18.2 

66.6 

Bo . 

0.54 

47.2 

22.0 

69.2 

Bo . 

0.31 

38.4 

25.6 

64.0 

Bo . 

0.13 

41.6 

18.2 

59.8 

Spergon . 

0.33 

13.8 

16.4 

30.2 

Cuproeide . 

2.00 

20.2 

36.8 

57.0 

No treatment . 


8.2 

11.6 

19.8 

Tjoast Mean Sign. Biff. 

5 per cent . 


9.25 

8.27 

7.62 

1 per cent . 


12.38 

11.06 

10.20 


a Throughout this study, dosage refers to the weight of the treatment material 
expressed as percentage of seed weight. 


In tins test T.M.D.S. and Fermate, even at dosagres as low as 0.1 per cent, 
resulted in plant stands at 16 days which v. ere significantly higher than those 
where Cuproeide and Spergon were used at their recommended rates. Sper- 
gon, as used, did not significantly improve the stand over the controls. The 
effect ol treatment on emergence of plants Avas essentially similar to the 
effect on survival of plants, an exception being found Avith Cuproeide which 

TABLE 4.— ResiiUs of greenhouse test on spinach planted Oct. 19, 1942. Five replu 
cations of 100 seeds each 


Percentage of plants 


Material 

Bosage 

(Per 

16 days after jdantiiig 

24 days after phinting 


cent) 

Sur¬ 

viving 

Bami)ed- 

off 

Emerged 

Sur¬ 

viving 

Bamx)ed- 

off 

Emerged 

T.M.B.S. 

. 2.55 

60.0 

7.4 

67.4 

53.4 

14.2 

67.6 

Bo . 

1.22 

51.2 

16.2 

67.4 

44.6 

23.0 

67.6 

Bo 

.. 0.51 

44.6 

22.2 

66.8 

38.6 

29.0 

67.6 

Bo . 

... 0.28 

38.2 

21.2 

59.4 

32.2 

27.8 

60.0 

Bo . 

... 0.09 

45.2 

17.4 

62.6 

38.4 

24.8 

63.2 

Thiosan . 

. 2.80 

61.0 

4.2 

65.2 

54.4 

11.0 

65.4 

Bo . 

. 1.41 

50.6 

12.2 

62.8 

43.2 

19.6 

62.8 

Bo . 

. 0.52 

49.0 

20.0 

69.0 

42.2 

26.8 

69.0 

Fermate ^. 

... 7.68 

52.2 

17.8 

70.0 

42.6 

28.2 

70.8 

Bo . 

... 0.54 

34.2 

26.4 

60.6 

28.2 

32.8 

61.0 

Spergon . 

Zinc oxide AAZ... 

0.33 

8.8 

18.6 

27.4 

6.4 

21.0 

27.4 

. 0.99 

17.4 

19.2 

36.6 

12.8 

23.8 

36.6 

Cuproeide . 

.. 2.00 

37.6 

16.8 

54.4 

28.8 

25.6 

54.4 

No treatment . 


9.8 

10.8 

20.6 

6.2 . 

14.4 

20.6 


Least Mean Sign. 
Biff. 


5 i)er cent . 

14.07 

9.69 

9.10 

13.11 

9.93 

9.11 

1 per cent. 

18.76 

12.92 

12.14 

17.47 

13.24 

12.14 
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})roA’iclt‘d fair protection ajifainst pre-einer«:ence (iauipin^i-off, but [>ermitte(l 
excessive post-eTner‘>:eiice (lainpiiif^-off. Sperjion j)roYi(le(l little protection 
afrainst dami)in<»-off at any stajje. 

In the October exi)erinietit (Table 4) Thiosan (a Avettable preparation 
containing 50 i)ei- cinil tctrainethyl thiuraiiidisiilpliide) was tested and 
found to be coinparable at equal rates of active material to the 80 pei' cent 



FIG I EMERGENCE AND SURVIVAL OF SPINACH SEEDLINGS AS A FUNCTION 
OF TIME AND TREATMENT.- COMBINED DATA - AVG. 1000 sEEoT 

f«nn (T,,M.D.S ) previously use<l. In this test Ouproeiile was more effective 
tlian in the Heptember test (Cuproeide plots in both tests were planted from 

T 1 dosattes of 

r.M.D.S. and Jermate pnive sifrnificantly hipdier stands than Cunrocide 

Sperpmu and zinc oxide failed to protect spinach adequately in this test 

Tlie data from treatments common to both tests wer'e combined 'the 
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lioniogeiieity test described by Hayes and Immer (15) showing* that the vari¬ 
ances of these two tests are homogeneous. These combined data show that, 
at similar dosages, T.M.D.S. resulted in significantly more surviving plants 
than did treatment with Fermate, tliough th(' total emergence was approxi¬ 
mately equal. Red net ion of the dosage with both these materials resulted 
in reduced control of both ])re-emergen(*e and post-einergence damping-off. 
Cuprocide Avas significantly poorer than T.M.D.S. ajid Fermate for plant 
survival, lor post-emergence control, and, with tlie ex(‘e})tion of the lowest 



FIG. 2~ PER CENT -SURVIVAL OF EMERGED SPINACH SEEDLINGS AS A 
FUNCTION OF TIME AND TREATMENT 


dosages of these materials, for pre-emergen(*e (*ontrol of damping-off. Sper- 
gon Avas barely significant over no treatment in pre-einergence control and 
was very ineffective in tlie control of post-emergence damping-off. 

The daily progress of seedling emergen(*e and damping-off, as shoAvn by 
plant survival, Avith the combined data of a fcAV selected treatments, have 
been cluirted in figure 1. This sIioaa^s the effect of T.M.D.S. in the protection 
of the late emerging seedlings, also the comparatively Ioav mortality of the 
emerged seedlings under conditions highly conducive to damping-off. Note- 
Avorthy is the failure of Cuprocide to control post-emergence dami)ing-off as 
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shown by the early and heavy loss of plants. The ineffectiveness of Spergon 
is shown by the similarity in slope of the curves for this material and the 
controls. 

To further examine the effectiveness of protection against post-emergence 
damping-off afforded by different treatment materials, the percentage of sur¬ 
vival of those 1)1 ants which emerged is charted in figure 2. This chart shows 
that i)ost-emergence damping-off with Cuprocide, Spergon, and with no 
treatment is early and rapid and follows a very similar pattern, as con- 



no. 3.- PER CENT SURVIVAL OF EMERGED SPINACH SEEDLINGS AS A FUNCTION OF 
TIME AND DOSAGE OF TETRAMETHYL THIURAMDISULPHIDE 


trasted with the delayed pattern of post-emergence damping-off with 
T.M.D.S. at one per cent. It shovdd be noted that the data in this figure 
M^ere obtained by the formula number surviving x JOG/number which had 
emerged. Thus, 100 surviving of a total of 200 emerged plants would give 
the same survival percentage as 250 surviving from a total emergence of 500 
plants, ^ven though the latter represents a much better stand of plants from 
the 1000 seeds planted. 

Data from these two experiments are available on the effect of different 
dosages of tetramethyl thiuramdisulphide on the control of post-emergence 
damping-off. The percentage survival of emerged plants, as charted in fig- 
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lire 3, sliows tliat the control of* post-emerj^cnee dairij)iiig-off increased as the 
treatment rate was iiK'reased. 

TETKACHL()R()RES()R(nNOL AND COl’PER TRICIILORIM lENATE AS SEED 
I'ROTECTANTS OxV SPINACH 


Tetrachlororesorcino] and 0119 (a preparation containing 20 per cent 
c(>i)i)er tri(d]lorphena1e) at two dosaj’cs each AV(‘re compared witli Thiosan at 
1.5 per ('ent in one test, table 5 and fij*'ure 4. 



FIG. 4 - EMERGENCE AND SURVIVAL OF SPINACH SEEDLINGS AS A FUNCTION OF TIME AND 
TREATMENT WITH TETRACHLORORESORCINOL AND COPPER TRICHLORPHENATE 


Tliese data show that tetravlilororesorcinol at 2.5 per cent dosii^e per¬ 
mitted the emer^CTice of but three plants from 500 seeds, but that a 12.2 per 
cent emergence occurred Avitli a dosage of 0.8 pei* cent. While this e.x})eri- 
ment was not duplicated in jiartially sterilized soil, the data show clearly 
that the Ioav emergence was due to injury and not to lack of protection. This 
injury was further demonstrated by the delayed emergence (Fig. 4). At 
the lower dosage of 0.8 per cent, 23 per cent of those plants wlrich had 
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TABLE 5.— Copper trichlorphcnaic and Udrachlororctiorclnol as seed protectants on 
spinach planted Oct. 1942, Five replications of 100 seeds each 


rorcc'iitnjrt? of plMiits 18 (lavs 


Material 

Dosage 
(Per cent) 


after planting 


Surviving 

Bamped-off 

Emerged 

Thiosan . 

1.5 

48.4 

:12.() 

61.0 

0-119 . 

1.5 

12.0 

0.8 

12.8 

Bo 

0.55 

32.8 

9.8 

42.6 

Tot niehlororesorciii ol. 

2.5 

0.6 

0.0 

0.6 

Bo 

0.8 

9.4 

2.8 

12.2 

No treatment . 


1^4 

13.4 

21.8 


emerjxed had daiiipcHl-off within 18 days after planting’. This result suggests 
that protection against daiiiping-otf would not be satisfactory at dosages 
suflf’ciently low to be non-in jurious. 

C-119 at 1.5 per cent also proved to be excessively injurious, giving both 
delayed and low enierg(*nee. However, only 6.3 per cent of those plants 
whi('h emerged damped-off within 18 days, thus showing a liigh order of firo- 
teetion against post-emergence damping-off. At the loAver dosage of 0.5 per 
cent, wliile the emergeiK^e Avas considerably lower than Avith Thiosan, ])ost- 
emergenee protection was ex(‘ellent. Further trials of these materials Avere 
not made, inasmuch as tliey apj)eared unsafe on spinach. 

SILVER SALTS AS SEED PROTEGTANTS ON SI'INACH 

Tlie promising results obtained Avith sih^er (‘arbonate in the preliminary 
trials prompted further testing of this material, tog^dher Avith silver chro- 

TABLE (l—Silver salts compared wit. other seed prolectunls on spinach, planted 
Dee, 2Sy 1942, Five replications of 00 seeds each 


Mn to rial 


Dosagi.! 
(Pt*r coiit) 


Percentagt! of plants 1(5 days after limiting 

Infcst. d soil Piirtially 

sterilized soil 


Silver enrbonatt' . ;1.82 

Bo 0.90 

Do O.MJ 

Silver chromate . 4.04 

Bo 0.82 

Silver oxide . 2.12 

Bo . O.40 

Sil. orthophosplinte 2.70 

Bo ' . 0.27 

T.M.V.S, . 0.99 

Thiosan... 1.48 

Oiiprocide . 2.00 

Iron sulfate l.SH’/). 2.20 

No treatment . . 

Least Mean Sign. Biff. 

5 per cent. . 

:i per cent. 


Surviving Bampod oil' Emerged Emerged 


10.4 

38.8 

49.2 

76.0 

78.8 

9.6 

44.8 

54.4 

9.6 

26.8 

36.4 

79.2 

52.0 

26.8 

78.7 

76.0 

30.8 

39.2 

70.0 

81.6 

10.0 

55.2 

65.2 

73.6 

13.6 

37.2 

50.8 

76.0 

18.0 

41.2 

59.2 

77.2 

4.8 

22.4 

27.2 

73.2 

55.2 

58.4 

25.2 

22.4 

80.4 

80.8 

88.0 

82.4 

26.8 

37.6 

64.4 

82.0 

27.4 

32.4 

58.8 

78.4 

8.4 

13.2 

21.6 

76.4 

15.9 

21.1 

14.2 

18.9 

14.1 

18.8 

10.1 
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mate, silver oxide, and silver orthophosphate. These were pulverized iu au 
agate mortar to pass through a 100-mesli sereeii to insure small particle size. 
By sucli means it was possible to apply dosages sufificient to detect any ten¬ 
dency toward seedling injury. To explore further any tendency to cause 
injury, this experiment was duplicated in soil from the lot discussed under 
Methods.’’ However, in this duplicate test the soil was partially sterilized 
by the formaldehyde treatment method of Giiterman and Massey (13). 



FIG. 5-emergence AND SURVIVAL OF SPINACH SEEDLINGS AS A FUNCTION OF 
TIME AND TREATMENT — 250 SEEDS PER TREATMENT. 


Table 6 shows that none of these materials significantly reduced the plant 
stand at 16 days Avhen planted in partially sterilized soil; however, data 
taken during the period of most rapid emergence suggest that high dosages 
of silver chromate delayed emergeiu'e slightly. Silver chromate at 4.0 per 
cent dosage gave sufficient protection to result in a final stand comparable 
to that obtained with T.M.D.S.; at 0.8 per cent it was much less effective, 
being nonsignificantly better than Ciiprocide in any respect. Silver carbon¬ 
ate, silver ortliophosphate, and silver oxide were ineffective in protecting the 
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emertred aiiainst post'eiiierjjence dampiM|i,-oft* tliou”!! ea(di, with the 

ex('ef)tioii of silver orthophosphate at 0.2 per vent dosage, offered a consider¬ 
able (lejiiTee of protection tlirough the prc-einerj.reiie.e i)eriod. The iron sul¬ 
phate tested Avas snrprisinj^ly effective in this test, beinj? as edective as Chipro- 
eide. A further (*oiii[)arison between T.M.D.S. and Thiosaii at approxi- 
niately e({iial dosaj’es of tetraiuethyl thinraindisnlplude showed these mate¬ 
rials to be of equal (vtfeetiveness and to be sij^nifieantly l)etter than any other 
materials in this test, with the exeeption of silver chromate at 4.0 per cent 
dosage. WitI) these three materials, the number of plants which emerj^ed 
in heavily infested soil approached closely|^the ]nind)er which emerjred in 

7 .—Seal prolfctants on Big Boston- h ituce groirn in the greenhouse 


Five l eplicat ions of 100 seetls, Four rejOicatioiis of oO seeds, 

planted Sc})t. 20, 1042 pliinted Nov. 21, 1042 

Dosafje Percentage* of j)iants Percejitage i)f plants 

Material ( l‘er at lo days at 10 days 



cent) 

8ur- 

vivin^r 

r)nm|K*(i 

off 

Emerired 

Sia- 

vivin^ 

Jlamped- 

off 

Fmerpfed 

T.M.D.S. 

4. IS 

00.2 

1.8 

71.0 

00.5 

4.5 

05.0 

Do . 

O.iUl 

80.2 

1.2 

81.4 

70.5 

0.5 

77.0 

Do . 

0.50 

82.0 

2.4 

85.0 

5!).5 

10.0 

75.5 

Do . 

0.2!) 

70.O 

2.8 

81.8 

50.5 

18.5 

00.0 

Do . 

O.lo 

78.0 

• .» o 

81.2 

04.5 

8.0 

72.5 

ThiosMii 

:i.2r) 




50.5 

4.0 

00.5 

Do 

.1.05 

81.0 

1.0 

82.0 

58.0 

10.0 

08.0 

Do 

0.75 




40.0 

10.0 

05.0 

Fcrinatc 

11.00 

75.2 

0.8 

70.1-* 

57.5 

4.5 

02.0 

Do 

1.00 

84.0 

O 4) 

80.S 

()1.0 

14.5 

75.5 

Do 

0.50 

77.0 

5.0 

80.0 

55.5 

12.0 

07.5 

Do 

0.;!8 

75.8 

4.2 

78,0 

00.5 

15.0 

75.5 

Do 

0.15 

00.8 

.».o 

70.4 

40.5 

12.0 

58.5 

Sl)(‘r^];on. 

0.2S 

70.0 

2.4 

78.4 




Ciiprocido . 

1.82 

05.0 

i) 

05.2 

82.5 

5.5 

80.0 

No treat me III . 

.Least Mean Si^n, 


55.4 

4.0 

50.4 

20.5 

5.5 

52.0 

Ditr. 

5 per cent . 


7.1 

Not 

0.0 

10.1 

8.0 

15.5 

1 jier ceil" 


0.4 

si^rn. 

8.(» 

21.5 

11.5 

17.7 


partially sterilized soil, thus sliowinj;' their very <»Teat eAvediveness in pre¬ 
vent irijn' i >re-emer^em‘e darn pin ji-off. 

TIk' traiisioMil uatiiri' of ilic molcctiou offerwl by iiiost of the siJvei- salts 
is well illustrated i),v silver oxide at 2.1 per eeiil dosafie, as plotted in figure f). 
With this material a stand of 52.4 per cent was reached mi ttie si.xth day, 
hilt this stand v\as reduced by post-emcrjreiicc dainpiii<r-olf to 25.2 per cent 
by the eighth day and to 10 per cent by the sixteenth day. That tliis mate¬ 
rial afforded a covisidcrahlc anioiint of ))rc-enicr}>;enee jirotcctioii is shown 
h.\' the total emergeiiee of 65.2 jier cent. Silver chromati*, on the other hand, 
when used at 4.0 per cent dosaj^e, -rave a hi<;h de<rree of proteetion tliroufthoiit 
this csperimeiit. though causing a sliglit lag in emergeiK-e on the fifth and 
•sixth days. Tlie excellent proteetion against pre-emergence damping-off 
provided by silver chromate at 4.0 per cent and by T.M D.S. and Thiosan 
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is evid(‘n(M*(l by the fnct that (‘irier<»‘onee with these materials in infested soil 
Avas equal to the average ernerBeuee with all treatments on partial!>' sterilized 
soil (shoAvii as the solid line in fifiure 5). 


SEED PROTECTANTS ON LETTU(UC 


Two trials were eondmd(‘d on Bi^- Boston iettuee, the data from Avhieli 
are presented in table 7. In one oi’ these 100 seeds were planted in each of 



FIG. 6rEMERGENCE OF LETTUCE SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT - 700 SEEDS PER TREATMENT. 


five repli(*ations; in the other, 50 seeds were planted in eaxdi of four repli- 
eations. 

In these experiments all materials tested ^ave very si^iiitieant inereases 
in stand over the niitreated eontrols. Cni)roeide, at 1.82 per eent dosaiie, 
j.*ave excellent results in both trials, bein<r sijz-nific'antly better than most of 
the other treatments. With T.M.D.S. and Avith Fermate, the optimum dosage 
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appeared to be near 0.5 to 1.0 per cent. The tendency towards j^reater inci¬ 
dence of poRt-emerf;eii(*e dainping-otf at the lower dosaj^es of these materials 
sujrgests that the lower emergence here probably was due to failure to control 
adequately pre-emerjL^ence damping-off. The reduced stands with the high¬ 
est dosage of these materials is believed to have been due to injury to the 
seeds or seedlings. The i)lants in the highest dosage plots were dwarfed 
sligiitly throughout the experiments, supporting the probability that injury 
was a factor in this case. 

The (lata on plant emergence from the combined tests are presented in 
ffgure G and serve to illustrate the greater l|mefits obtained from the use of 
Cuprocid(\ This figure also illustrates the lower stands when more than the 
p|)timum dosage was applied with both T.M.D.S. and with Fermate. 

SEED PROTECTANTS ON CUCUMBER 

Table 8 presents the results obtained from the usc^ of various protectants 
on cucumber seed. All treatments tested gave highly significant increases 

TA BIjIO 8 .—Effect of need protect (mis on cuenmher planted Feh. 24, 1943. Hi.r repli¬ 
cations of 40 seeds each 


Mail'rial 

Dosage 
(]*er cent) 

rercentnge of plants 17 days 

S ur vi V i ng Da iiijied- off 

after jdanting 

Emerged 

Thiosan . 

0.25 

79.2 

7.1 

80.3 

Do . 

0.12 

77.1 

10.8 

87.9 

Do . 

0.05 

70.0 

’ 13.8 

83.8 

Fermate . 

0.20 

74.2 

12.5 

80.7 

Do . 

0.10 

78.8 

7.5 

80.3 

Do . 

0.05 

70.3 

10.0 

80.3 

Spergon . 

0.2:1 

00.4 

19.2 

79.0 

Do . 

0.13 

02.5 

20.4 

82.9 

FeSO,-LoH-.O . 

o.o:i 

51.7 

18.8 

70.4 

Somesaii . 

0.22 

09.0 

17.9 

87.5 

83.3 

Cuproeide . 

0..31 

03.8 

19.0 

No treatment . 


5.8 

12.9 

18.8 

Least Mean Sign. T>iff. 

5 per cent . 


10.1 

Not 

9.1 

1 per cent . 


21.4 

sign. 

12.1 


over the untreated control in emer<reuec and in the final stand at 17 days 
after planfiti". Amonp: the treatments only ihe iron sulphate was siftnifi- 
eantly less effective than any other material at the 1 per cent level. An 
api)areut trend toward lower amounts of post-emergence damping-off with 
Thiosan and with P'ermate, particularly at the higher dosages, proved to be 
nonrsignifieant upon statistical examination. The daily progress of emer¬ 
gence and damping-off for a few materials is charted in figure 7. Here the 
marked increase in stand from the use of any of these treatments is apparent 
by reference to the untreated control. 

CABBAGE SEED TREATMENT 

Since Cuproeide repeatedly has been shown to be injurious to members 
c»f the .Brassicaceae, .a test of some of the newer materials was conducted on 
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figure's. ol. a greenhouse test are shown in table 9 and in 

In this test, treatment with Thiosan, Fermate, and zinc oxide vieJrled 
approximately equal emergence of plants. All dosages of Thiosan and 
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FIG. 7.- EMERGENCE AND SURVIVAL OF CUCUMBER SEEDLINGS AS A ruNCTirMu 
OF TIME AND TREATMENT - 240 SEEDS PER TREaL^NT 

T^KD.S. resulted in an average emergence of 79.3 per cent, while all dosa-es 
of Fermate averaged 79.2 per cent. In this experiment post-emergence 
damping-off was so slight that no conclusions may be drawn on this phase 
of protection. v* 
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FIG 8.-EMERGENCE OF CABBAGE SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT — 300 SEEDS PER TREATMENT. 

TA1»U0 9.-. 'TCffid of sred prolcrfanis on cobh<t(f< planird Xov. 17, Six rrpli- 

ral ions of dO scads each 


Materials 

Dosage 

Doreeiita'^( 

of pi.'lilts 23 (lavs aft 

•r |)l;int 


( l\*r <'ont) 

Survivin 

DainjxMl-ofT 1 

jner^(‘(l 

T.M.1).8. 

(1.50 

s;;.3 

1.7 

S5.0 

Tliiosaa . 

:iri 

77.3 

1.0 

78.3 

Do . 

1.1 s 

77.0 

2.0 

79.0 

Do . 

o.so 

78.3 

2 3 

SO.7 

l)o . 

0.45 

70.0 



Do 

0.20 

73.3 

4.3 


IVriaato . . 

;i2i 

81.3 

0.3 

84.7 

Do . 

0.95 

79.3 

1.0 

SO.3 

Do .. 

0,52 

79.0 


82.7 

Do . 

0.27 

72.7 

2.3 

75.0 

Do . 

0.15 

72.7 

1.0 


S|.»orfroii . 

0.52 

71.0 

1.0 

72.0 

Zinc oxido . 

2.40 

77.0 

0.0 

77.0 

Somosaa . . 

0.42 

71.0 

1.7 

4.0 

72.7 

(•uin’oeido . 

2.03 

59.0 

()3.0 

No troatiiient 


55.3 

2.0 

57.3 

l,ieast Moan Diff. 

“) per eent . 


7.0 

Not 

0.3 

1 per eent . 


9.3 

si^ni. 

8.4 
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riG.9.- EMERGENCE OF CARROT SEEDLINGS AS A FUNCTION OF TIME 
AND TREATMENT — 250 SEEDS PER TREATMENT 


TroiitmeJit with rihI Avitli ScinesMii, at l•e(•ollllnpn(l(‘(l dosaji'cs, 

resulted ill slightly lower eiiierjieiiee than did treatment with Thiosan, Fer- 
niate, and ziiu* oxide. The daily pro^iM'ss of emer^enee witli Sper^on, fiji- 
nre 8, was very similar to tliat of Semesan (not sliown). 

^r,\J >LE TO. Kff( ci of seed profrcfanl.S‘ on carrot plan1< d Apr, (f 1943, Five rcpli- 
caiions of 30 seeds each 



Dosng(‘ 

(Per t'ciit) 

of ])ljnit.s 20 days 

aftor planting 


-- 

. 

-.. 


Siirviviiijx 

Dairip(*(l-off 

Einorgod 

ArasMii 

o 

58.0 

O.S 

58.8 

:i)o . 

1.18 

58.0 

1.2 

50.2 

Do 

o.r>4 

42.0 

2.0 

44.0 

Do 

().‘26 

42.4 

1.0 

44.0 

U(‘Tni:it(' . 

4.75 

55.0 

0.0 

55.0 

Do 

I.IO 

57.2 

1.2 

58.4 

Do . 

0..52 

47.0 

1.0 

40.2 

Do 

0.27 

52.0 

1.2 

5 : 1.2 

Rpor^oii . 

o.ao 

55.0 

2.4 

58.0 

8('m(‘.soii . 

0.42 

50.0 

4.0 

00.0 

Cuprocidc 

2.28 

52.8 

1.0 

54.4 

No troMtincnt . 


40.8 

2.4 

45.0 

Loast Moan T)ilT. 

T) per (‘(*nt . 


7.70 

Not 

7.0 

1 ])( n ‘ (‘eat .. 


io.;t8 

si^ril. 

10.2 
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Cuprocude, in this test, resulted ia einergeuee sif»ni6eaiitly lower than 
that ill any other treatment series and the emer^’enee was not significantly 
higher than that with no treatment. 

CARROT SEED TREATMENT 

A single experiinent was conducted on the treatment of carrot seed. For 
this trial Arasan was available and, siin^e this appeared to be the form in 
which tetramethyl thiuramdisulphide would be marketed as a seed treatment 
material, it was substituted for T.M.D.S. and Thiosan. 

In this experiment, only Arasan at 0.5 rent or lower dosage failed to 
give appreciable increases in plant emergence and survival (Table 10 and 
Fig. 9). Arasan and Fermate at dosages of 1.1 per cent or higher, Spergon 
at 0.3 per cent, Semesan at 0.42 per cent, and Cuprocide at 2.3 per cent all 
offered sueli protection that both the emergence and the survival of plants 
were significantly better than those of tlie controls. 

The incidence of ])ost-emergencc damping-olf was low in this experiment 
and no significant differences in its control were obtained. 

TOMATO SEED TREATMENT 

Arasan, Thiosan, Fermate, Spergon, (hiprocide, and tab* were tested on 
tomato seed in a single trial Here dosage rates were acliieved by dilution 
of the treatment material. The data from this test art* not firesented since 
an excellent stand of plants was obtained regardless of treatment, the con¬ 
trols being nonsignificantly poorer lhan any of tlie protectiv(^ treatments. 


DISCUSSION 

In these studies the practice of naking frefpient counts of healthy and 
of damped-off seedlings has permitted graphic, portrayal of the response to 
the use of various seed protectants. Spinaidi, being highly susceptible to 
damping-off both before and after emergence from the soil, was found to be 
especially suited to tlie testing of new materials. 

Under conditions of temperature and moisture favorable to attach by 
Pyihivm ultimum, Arasan and tlie other tidramethyl thiuramdisulphide mix¬ 
tures proved to bo very effective protectants against pre-emergence damp¬ 
ing-off. They were more effective than the already widely used Cuprocide, 
Spergon, and, where tested, Semesan. However, the most striking effect of 
Arasan and of related materials has been found in the high degree of pro¬ 
tection they have offered against })ost-emergence damping off. This eon- 
tin ued protective value promises great effectiveness where seed germination 
is long-delayed by unfavorable weather conditions. The effect of Arasan in 
protecting against such unfavorable weather conditions is directly propor¬ 
tional to the dosage applied and it, therefore, is important that seeds not only 
be treated but that adequate dosages be used. 

Fermate approached Arasan closely in its effectiveness against both pre¬ 
emergence and post-emergence damping-off. However, the black color of 
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this material, as compared with the pink color of Arasan, offers a disadvan- 
ta>?e where seeds are not to be machine planted. In hand seeding it is very 
difficult to determine the spacing with Fermate-treated seeds due to their 
inconspiciunis color. 

Cuproeide was reasonably effective in preventing pre-emergence damp¬ 
ing-off, but this protection lasted for a very few days. After emergence, 
plants from Cuprocide-treated seeds frequently were as subject to post- 
emerg(*n(‘e damping-off as were seedlings from untreated seeds. 

Spergon, when used on si)inach at dosages recommended by the manu- 
facturei*, was inade(puite under the conditions of these tests. Its low effec¬ 
tiveness on si)inach is in agreement wuth the findings of other workers. 

The use of duplicate plantings in i^artially sterilized soil offers a method 
of diff'erentiating betAveen low emergence due to chemical injury to the seed¬ 
ling and low emergemte due to poor protection against j)re-emergence damp¬ 
ing-off. 

summary 

1 . study was made of the value of numerous chemicals in combating 
damping-off when dusted on vegetable seeds. Particular attention was given 
to refinements in technicjue so that the relative values of the materials and 
dosages could be (*omi)ared more precisely. Plant counts at frequent inter¬ 
vals p(‘i*mitted stud\' of the influence of the protectant material on the 
control of damping-off at different stages in the development of the seedling. 

2. Arasan and other mixtures of tetramethyl thiuramdisulphide were the 
most effective of tlie seed protectants tested, except wdth lettuce. Their pro¬ 
tective influence contijiued into the seedling stage to a greater extent than 
occurred w ith the previously used seed protectants. 

3. The })rotective value of Arasan and of related materials was in direct 
Ijroportion to the dosage applied. 

4. Fermate apj)roaelied Arasan in effectiveness as a seed protectant. 

5. The protective effect of Cuproeide was dissipated within a few days 
under the conditions of these tests. 

6 . Silver cliromate at very high dosages offered good protection; silver 
oxide was protective for a very few days. 

7. Spergon Avas Ioav in protective value. 

8 . Seed treatment with Arasan was successful wdth spinach, cucumber, 
carrot, cabbage, and tomato. On lettuce both Arasan and Fermate were 
less beneficial than Cuproeide, the data indicating that Arasan and Fermate 
were injurious to lettuce. 

AVest Virginia Agricultural Experiment Station, 

Morgantown, AVest Virginia. 
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A STUDY OP THE OCCURKENCE OP PHOMOPSIS AND OP DIP- 
LODIA ROTS IN PLORIDA ORANGES UNDER VARIOUS 
CONDITIONS AND TREATMENTS 

K. W. L 0 u (; K s 1 AND E. E. H o r k i n s -i 
(Accepted for publication June 3, 1946) 

Although stem-end rot of oranges is usually considered as one disease, 
it is well known that two causal organisms, P^mnopsis ciin Faw. (Duiporihe 
citri (P^aw.) Wolf) and Diplodia natalcnsii Evans {Pkysalospora rhodina 
(B. & C.) Cke.), are involved. Either organism alone is capable of ))ro- 
ducing the characteristic rot and because of the similarit>' of symptoms it is 
nearly impossible to tell l)y macroscopic examination wliich organism is 
causing stem-end rot in an individual fruit. 

To gain insight into the action of each of these fungi, observations were 
takeii and isolations made at weekly intervals from all the fruit suspected 
of having rot among 850 separate samples of 50 fruits each. These samples 
were taken from approximately 125 differciit t(*sts whicli were set uj) to 
study various phases in stem-end-rot control. These tests took into (con¬ 
sideration such factors as appear in (1) the grov(\s, (2) pickiiig, }>ack- 
inghouse oiierations, and (4) storag(‘. Most of tlie investigations dealt 
with here are related to the tliird group. The samples in the* various similar 
tests were so arranged that the data obtained ('ould l)t‘ treat(Ml statistically 
by the analysis of variaiice method. Tlie 5 pe^ cc'nt level of pi*obability was 
cliosen as the criterion of significant diflerences. 

EFKIOCTS OF GASSIN(i, DEBUTTONING BY VAKIOTTB METHODS, 

AND BORAX TREATMENTS 

In an experiment, consisting of 16 tests obtained from 4 replications of 
each of the varieties, llamlin. Parson Brown, Ihncapphs and Valencia, 
throughout the picking season, reported by Hopkins, Lovu'ks, and Stearns,*• 
a study was made of the effei't of various treatments, a])]died both sepa¬ 
rately and in combination, on stem-end rot. The single treatments were: 
gassing witii cthvlene, for 48 hours at 85*^ h\ and 90 per cent i-elative 
luimidity, at a eoncentration (‘omparable to that used in commercial gassing 
chandlers for degrecning oraiig<*s; nmioving hiittons after 48 lir. gassing; 
soaking in a 5 per cent solution of borax for 5 min. at 110® F. and tiot 
rinsing off excel)t where es])ecially noted. Borax was applied before and/or 
after gassing. Only those combinations that appeared likely to be effective 
were tried. Phomopsis and Diplodia were isolated from decayed specimens 
of the 50 fruits used for each sample: the pereentages of eaeli fungus that 

! Associate Plant Pathologist and 

2 Plant Physiologist, Besearcli Division, Plorida Citrus Coinmission 

•iHoiikias. E. P., K. W. Douc.ks, and C. R. Stearns, Jr. A stndv of eertnin lueth 
ods for the control of stern-end rot and blue mold in oranges. I’roc. Cla. State ITort Soe 
57: 87-98. 1944. 
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developed within three weeks after treatment are indicated in figures 1 
and 2, respectively. 

The least difference necessary for significance among the results for 
Phomopsis is 5.2 per cent, and for Diplodia 8.6 per cent. In the figures all 
ti*eatments designated by the same letter are of ecpial importance so far as 
the development of the fungi is concerned. For instance, the difi'erence 
between the average pei-centage of Phoinopsis present in S weeks from 
Treatment 11 was not significantly different from that with Treatment 1, 
but it was significantly different from Treatment 12. Likewise, Treatment 
12 was not significantly difLuent from Treatment 8 but was from Treat¬ 
ments 10 and 4. As there was a possibility that longer storage might change 
the picture, the data for 5 Aveeks were similarly analyzed, but the results 
showed that the general tr(‘nd was still the same as at weeks. 

Because .‘1 weeks is considered to be the near(‘st i*epresentation of the 
av(‘rage time which elapses from picking a (‘onimert'ial fruit until it is con¬ 
sumed, the results aft(‘r S Aveeks are tlie ones given the most consideration 
and rei)orted in this paper. 

Debuttoning effectively controlled Pliomopms (Fig. 1). If the buttons 
Avere not removed, borax, alone or used in the various combinations, Avas 
no better than the ungassed check (Treatment 8). When used Avith gassed 
fruit, either before, or before and after, the ethylene treatment, borax re- 
du(*ed the aTuount of Phomopsis. With only the gas tT'eatment, more 
Pho'm(i))sis develop(*(l than in the checks. When the buttons were removed 
from borax-treated fruit, tlu' effe(d of gassing Av^as overcome. Borax apidied 
before gassing fruit with buttons left on Avas not better than borax applied 
after gassing for conti*olling Phomopsis. 

Debuttoning also was very effective in reducing Diplodia (Fig. 2). 
Borax ajiplied before, or before and after, gassing Avas effective in reducing 
Diplodia if the buttons Avere left on. If the buttons were removed the 
effect of borax, if any, Avas masked by the good control attendant upon 
button removal eA^en though tlie fruit was gassed, (xassing fruit or leav¬ 
ing the buttons on increased the amount of Diplodia. 

Another experiment Avith 4 replications from the varieties Valencia and 
Pineapple was set ui) to test the Aarious metliods of partially or Avholly <le- 
buttoning oi'anges lor stem-end-rot control. These Avere also combined with 
the borax treatment befoi*e and after gassing, and tlie borax ti-eatments 
were either left on or washed off. Seventeen predetermined treatment com¬ 
binations, as shown in figures 3 and 4, Avere used. The various button treat¬ 
ments vrere as foil oavs : 

(a) Button left intact by clip|)ing the fruit. 

(b) Calyx removed by pulling fi*uit or by a drill-press reamer. 

(c) Button completely removed by hand after gassing fruit for 48 liours. 

Other treatments were the same as in the previous experiment except 

that with some of the combinations with borax treatimuit the borax was 
washed off after the fruit had soaked for 5 minutes. 
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Fig. 1 TiTiiOTTGH 4. I)cvi*l()i>nu-nt of Phonwjms (Fi^r. 1 m\(\ a ) i\m\ of Dlplodin (Pig. 
2 and 4) during a Avocks in stora^ro aftor various fruit troatiutuits: Itoriix, 5 ju*r cent 
soJvitioTi, at 4\ for miiiutoH (Bor) and sobition loft on fruit (Ij O) or washed off 
(W (); ; tlassinp^ witli othvlone for 48 hr. at 85” F. and 90 juu' cent ladntivo hiuniditv 
((Ul,) ; All buttons loft on fruit (+B) or roinovod (-H) ; Calyx left intact (-f Ctrl) or 
ronioved (-(\':1) Avhon fruit was picked by pullijij,^ or calyx removed ])v reamer in drill 
press (1>F) ; Fruit picked by clii)]>ing (Clip). 

Tre.atnients desijinated liy the same letter are of equal value. 
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The data for the 3-week periods were used to obtain the information })re- 
sented in figure 3 where the various treatments ai*(‘ arranged in their order 
of rank in controlling Phomopsis. The least difference necessary for sig¬ 
nificance between treatments at the 5 ])er cent level is 5.9 })er cent. Treat¬ 
ments that do not show this difference are designated by assigning to them 
the same letter. The striking result is that no matter how the calyx is 
removed, wheth(‘r by pulling or by remoAong the entire button, or by ream¬ 
ing, Phomopsis Avas reduced very signihcantly regardless of Avliat other 
treatment or treatments Avere combined Avith the debuttoning. Phomopsis 
Avas not increased by gassing. Pulled fruit Avith the calv’x left on Avas not 
different from c]i])p(‘(l fruit (calyx on). Among the various treatments in 
Avhicli borax Avas used there Avas not sufficient difference to determine the 
effect of borax, and nothing Avas dediudble coiUM^rning borax left on as 
against borax Avashed off. 

-In figure 4 is present(*d tin* same information about Dipiodia. .Mere the 
corresponding least difference betweevn the averages of the percentage of 
Pi plod ia ne(‘essa»*y for significance is 15.4 i)er cent. The lacdv of differences 
is designated by letters in tlie same manner as in figure 3. 

Most striking is the fact that fruit tliat lost its (*alyx Avhen pulled from 
the tree was very susce|)lible to Dipiodia Avhen subsetpiently gassed (Fig. 4). 
Ethyh'iie ap])lied to fruit that had its calyx intact also Avas very aedive in 
increasing Dipiodia. This (‘ffect of gassing upon Dipiodia Avas not overcome 
by removing the calyx by |)ulling the fruit, even if borax Avas applied after 
the gassing and left on. It Avas succ(‘ssfull\' counteraxded oidy by removing 
buttons or by rcjiioving the buttons and then treating the fruit Avith borax 
(even though it Avas Avashed off ) aft(M- gassing. Calyx removal by any of 
tlie methods used had no effect on .Dipiodia. 

No matter Iioav the fruit Avas otherwise treated, gassing did not signifi- 
('antly imu’case Phomopsis but Avith fcAv exc(‘[)tions did A'(‘ry substantially 
increase' Dipiodia. AYhen the fruit Avas deduittoned after gassing, but not 
other-Avise treated, the effect of gassijig Avas overcome. Some of these same 
results have been r(‘])oi*ted hy Prooks,** A’oorliees, ’ and others. 

(M)KHJ:iiATI()N miTVYKEN OC(’UlUn:X(’E OF PHOMOPSIS AND ))lPLODIA 

From 170 samples of 50 fridt each, Avhich Avere pie'ked under similar (‘on- 
ditions and used as ch('('ks for that many separate' experiments, data Avere 
obtained ce)neH'rning the d(‘vele)pment of Phomopsis anel of Dipiodia to deter¬ 
mine the'ir interrelationship. Sten-age ce)nelitions Avere not cemiparable for 
all samples, but asiele from that the frvnt Avas all treated alike. The fruit 
Avas picked by clipping, randomized into samples, and immediately placed in 
storage. The varieties Hamlin, Parson BroAvn, J’ineapple, and A'alencia 
were repi*esen ted. 

4 .Brooks, Charles. Stetn end rot of orringes and factors afToctiiig its control. 
Jour. Agr. Res. | I.T. S.] 68: 1944. 

Voorhees, R. K. Investigations of nielanose and stein end rot of citrus fruit. 
Ann. Rept. Fla. Agr. Fxp. Sta. p. 188-191. 1944. 
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TABLE 1,— nml rorrchition coefficients, ohiairied from the data froni 4 
varieties of oratu/cs, shou'iruf the Jack of inter ret (it ion ship between rhornopsis and mplodta 


Corri'lation 

(\)offK.‘ient 


0.212 

0.143 

0.038 

0.347a 


a Only data from tljo Valom-ia oran^(‘s showed sig'nitieant (‘orreJatioii Letweon the 
occurrenee of rhomeepsls and of IHptoeiia, 

-S 

When tin* data from all A’aritdies Avere eohibined to form a correlation 
table to test relationship betAveen oeciirrenee of Pltomopsts and Dlplodia 
based on results after 3 Aveeks in storage, the linear re^TC'SKion line liad a 
positive trend but the i)oints Avere too scattered for the correlation to be 
significant. 

The litjear legression Avas applied to data from each variety separately 
and the coefficients of regr(‘Ssion and correlation coefficients are shoAvn in 
table T. These data indicate that Avhatexer combination of factors ])rodnced 
an increase iji one of the causal organisms did Jiot cause a decrease in the 
other and there is no in-oof that the coiiATrse is tni(‘. Apparently there 
is no interr(‘lationsliip bet\vet‘n the two organisms. 


Vni-ietY 


Haikiliii 
Parson Bjmon ii 

Pineapplt* . 

ValoncMM 


Bogressioii 

Oocfificicnt 

0.321 

0.143 

0.041 

0..5ir) 


moH VF.nsrs loav kelatjvf iiUMiniTV 

An experiment was designed to test the infinence of jadative humidity in 
th(^ storage room upon the rate of development of riwnwpsis and of 
THplvdia. Four samples of each of the varieties, ilamlin. Parson Brown, 
Pinea])ple, and Valencia, Avere obtained on March 17, 1944. One-half of 
the samples from each variety a\ as i)laced in each of two storage rooms. The 
temperatures and relalive Jiumidities of the tAvo rooms Aver(‘ controlled and 
obtained as shoAvn in table 2. 

The low humidity room Avas held at 75 -t 0” F. and a ndativo liumidity 
of 90 :± 4 p" . eent. 

Isolations of Phontoftsis and I)iplodm Avere obtaimal fi*om the rotten fruit 
at Aveekly intervals 5). It Avas found that the least ditferenee neces¬ 

sary for signitieanee at tlie 5 per (Mmt level of tlie 3-Aveek and 5-Aveek periods 

TABLF^ '2.-^Trmpt rainrr end rdaiire huudditirs ntaintabu d in the ntorofje rooms 


Low Inimiclity room H i^li liiimidUy room 


M(‘asiirc'm(‘iit.‘< 

Relative 

ljumidity 

(T^cr cent) 

Temp., 

degrees 

E. 

Kelative 
luimidity 
( J*er een't ) 

Temp., 

degrees 

F. 

Acenigo of 5 wcokR 

Bangc of weekly nvc. 

Barge of the Absolute Miiv. 
and Min. 

.’>a 
± " 

73 

±0 

±3-2 

ao 

± 4. 

4 0-20 

79 

±3 

+ 10-18 
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was 10.7 j)er ('eiit and 10.1 por cent, respectively, for Diplodia; and 11.9 })er 
cent and 15..‘1 per cent for Pliomopsis. The diffcren(‘(‘ in ainoimt of 
Phomopsis present in the two rooms was nonsignificant. Tin* amount of 
Diplodia which developed in the rooms Avas different to an extent which was 
highly significant. The conclusion is that, for 5 weeks, th(‘ high humidity 
in the storage room caiis(‘d an increase in 11i(‘ amount of Diplodia but not 
Fhotnopsis. 

The develo|)m(mt of Phomopsis and Diplodia was determined in fruit 
that Avas wet after it was pi(‘ked and before it Avas stored. Samples of 50 
fruits of the lour A'arieties Avere soaked in water for periods A^arying from 
5 to 30 minutes. At the end of 3 Aveeks in storage there were no significant 
changes in the numbers of fruits rotted by the tAvo fungi as a result of the 
soaking. In 15 experiments an average of 10.07 fruits Avere rotted by 
Phomopsis among thi^ soaked fruits and 7.0 among the fruits not soaked, 
while 7.0 fruits were rottcul by Diplodia among the soaked fruits and 5.0 
among those not soaked. The least differences neciessary for significance 
Avere 3.26 for Phomopsis and 2.43 for Diplodia. 

(lassing with ethylene for 48 hours had no signifi(*ant effect on (hwelop- 
ment oi‘ Phomopsis in stored fruit of the four A^arieties, but the Diplodia 
increased by an appreciable amount. In 50 fruit samples in 25 oxi)eriments 
tli(' av(U‘age numlx'r of fruits rott(‘d by Phomopsis Avas 6.9 for gassed fruits 
and 5.5 for (die(*ks, and the least difference necessary for significance was 
l.fl4. The aA^erage number rotted by Diplodia Avas 13.9 for the gassed fruits 
and 6.0 for the checks, the least difference nec^essary for significance being 
3.31. An F A^alue of 22.4 was highly significant. 

KFPK(’1' OP DliUlENVn AVRAPS 

In an experiment arranged to test tlie action of diphenyl Avraps in con¬ 
trolling stem-end rot on oranges in various combinations of manner of pick¬ 
ing and gassing, information was collected relatiAT to the rate of dcA^elop- 
ment of both Phomopsis and Diplodia. The fruit Avas not subjected to a 
packinghouse process and Avas stored at 75° F. at about 75 per cent relatiA^e 
humidity. The various treatments and results obtained by analysis of the 
data at the 3-week period for variances are in hgure 6. The trc'atments were 
arranged in the order of their rank of importance in allowing Phomopsis 
to develop. The least diff'erence necessary for significamH‘ at the 5 i)er cent 
hwel is 7.5 per cent. It is CAudent that the Avraps Avere not effectiA^e in con¬ 
trolling Phomopsis. Tji all cases there Avas a significant loAvering of the 
incidence of Phomopsis in ])ulled fruit as comi)ared Avith c1i])ped fruit. A 
(M)mparisoii of treatments 9, 10, and 6 to determine the difference in amount 
of Phomopsis caused by A arious methods of removing the calyxes shows that 
there is no difference. In this experiment gassing had no effect on 
Phomopsis. 

The development of Diplodia in the same lots of fruit and the results 
obtained in these data are shoAvn in figure 7 Avhere 8 per cent is the least 
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Figure 6. 


Figure 7, 


FlO. 5. Kate of dovrU)}>nicJit of J*lio)m>psis and of JJiplodia on fruit in storage rooms 
having 00 per cent rolativi' liiiiniditv (ir.li.ir. ) or oO per (*(‘nt, rolativo lininidity (LJ?.il.). 
Least diflPoroiue iicecssary for .sigiiificaiico for f^hompthsi.s' at .‘i weeks, 11.0 j)or eent; at o 
weoks, 15.3 per cent; for Dipmfia at 3 weeks, 10.7 per (‘erit; at 5 weeks, 10.1 ])er cent. 


F.10S. G Atn) 7. J)ev(‘lop7nent of rhomopsis (Fig. 0) and of THplodia (Fig. 7) during 
3 weeks in storage after various fruit tre.-itinents: Fruit pieked Ly elipping ((Hip) or Ly 
pulling ( Pnl) ; All buttons left on (+ 11; or calyx removed by r(‘ainer in drill press (DP) ; 
Fruit gassed with ethylene for 48 hrs. (C.H,); Individual diphenyl wraps on fruit (W). 
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difference necessary for significance. The wrajis ('aused no difference in 
the amount of Diplodia present during 8 weeks in storage. When the fruit 
was not gassed there was no difference between j^iilled and cli])ped fruit. 
Wlien the fruit was gassed, buttons left on, and fruit wrapped or un¬ 
wrapped, there was less Diplodia in the pulled than in the clipped fruit. 
Oassing in(*reased the amount of Diplodia in all cases except where the fruit 
w^as i)ulled and not wrapped. 

SUMMARV 

From approximately 4,000 isolations made from 850 separate samples 
of 50 fruits each, records were kept of the incidence of Phomopsis citri and 
of Diplodia natalerms as they occurred with various treatments. The fruit 
harvest was spread over the entire picking season and included the four 
main varieties of oranges, Hamlin, Parson Brown, Pineapple, and Valencia. 

The samples were subjected to such treatments as: debuttoning, gassing 
with ethylene, soaking in borax, wra})ping in diphenyl-impregnated paper, 
decalyxing by various methods, storage in high and low relative humidity, 
and various combinations of som(‘ of these treatments. The experiments 
were set up in such a manner that the data could be subjected to statistical 
analysis. 

The 5 pel- cent leA'(‘l was chosen as the l(‘vel of significance and with each 
experiment the least amount necessary for a significant difference between 
t]*eatments was determined. 

Thei-(' was no (*orrelation between the occurremfc of Phomopsis and 
Diplodia in the same fruit. 

Th(‘ incidence of botli Phomopsis and Diplodia was reduced by debutton¬ 
ing, and by tn^atment with borax before, or before and after, gassing, 
llemoval of only th(‘ calyx, not the entire button, reduced Phomopsis but not 
Diplodia. Gassing witli ethylene did not control the fungi, and the inci¬ 
dence of Diplodia actiudly in(*reased aftei* gassing. 

Borax alone reduced the incidence of Diplodia but not that of Phomopsis. 
Borax applied to gassed fruit, eitlier before, or before and after gassing, 
also reduced the incidcjice of Diplodia. 

Wetting the fruit after picking had no effect on Phomopsis or Diplodia. 
However, a higli relative humidity during storage increased the amount 
of Diplodia. 

Storing fruit in diphenyl treated wraps did not affect eitlier of the fungi. 

Citrus Experiment Station, 

Lake Alfred, Fixirida. 



BACTERIAL LEAF BLIGHT OF BIKD’S-NEST FERN 


T’ 1*: 'V K R A . A K K A N D C' . M . To M V K J s 
rA('C(‘i)tC(:l for pnblicntioii Juno 7, 

Bird’s-nest fern (Aspleuium nuJus L.) is g:rown on a larj^'e scale in com- 
inor(*ial jjrreenlioiises in the San Francisco Bay region of California. 

Tli(‘ writers' preliminary report on the bacterial disease of bird^s-nest 
fend is, ap}>arently, the first j'ecord of a bacterial disease of ferns. 

Bird’s-nc'st feriis re(piire two years to prodni'e and are maintained in a 
constantly moist snbstratum in greenhoirses in which high humidity and air 
temp(‘ratiire constantly prevail. Th(‘re may be a rapid spread of the 
disease, often resulting in an e|)iphytoti(‘. Fosses to individual growers 
liave in some seasons ex(‘eeded ten thousand dollars. 

The dis(‘as(' starts as small, water-soaked, translucent spots on any part 
of tile frond, but usually on the np|)er surface^ ( Fig. 1). Infection may 
also occur through the water ])ores on the aj)i('al end of tiie frond. Under 
warm and humid conditions, the spots enlarge rajiidly, soon involving tlie 
whoh‘ frond. Freipiently, th<‘ bac'bvria invade the crown and quickly kill 
the ])lant. Neivrosis of on(‘ (ir more fronds ruins tli(‘ symmetrii'al aiipear- 
ance of the plant and thus nmders it unsaleable. 

The causal organism was rt‘adily isolated by macerating small bits of 
dis(*as(‘d tissue taken from the advancing margin of a ’lesion in sterile dis¬ 
tilled water and plating out in jiotato-dextrose-pejitone agar, on wiiicli tlie 
liactervium dev(‘lo|)(‘d promptly' and liixuriantl.w 

The pathogenicity of the isolated organism was jiroved in the following 
manner. Two isolates, one from an infection on the uppm* part of a leaf, 
and another from an infenUed (M*ovrn, wer(‘ grown on jiotato-dextrose-peptone 
agar slants at 28" C. After 24 hours, tlie grow th was w ashed otf with stmnle 
distilled water (and poured) into a stcialized l)(‘Vilbiss atomizer. 8ma]], 
healthy, bii'd's-iULst tei-ns, grow n in ])ots and tested for any chance infection 
by prolonged incubation in a moist-chamber, were inoculated. Before inocu¬ 
lation, the terns were held in a large, glazed, Jiioist-chamber with high humid¬ 
ity (90 per ('cnt) foi* 24 hours, ax)proxiTnating that used by nurserymen. 
After spraying witii the inomdum, th(‘ plants were returned to th(‘ tightly 
(dosed nioist-cluimber. The aii* iemperature in the greenhouse fluctuated 
from 80'* to 90" F, Tin* first sa inptoiiis of the disc^ase a])peared as minute, 
transliu'enlv dots on the lo^ver surface of frojids after three days. They 
increased rapidly, soon forming tin* large, translucent ai-eas typical of the 
disease. When die ferns wen* kept in the moist-chamber 7 to 10 days 
fronds d in(*h(‘s in length weie destroyed. When the ferns w^ere transferred 
to a dry atmosph(‘r(‘ the disease was iiromptly inhibited and there was little 
or no spi-ead unless overliead watering was practi(*ed. The check plants 

1 Ark, P. A., and C. ;\t. I’empkins. Baet(‘rial disoases of ])lants in California in 1945. 
r. S. l)e]5l. Agr., 7*1. Dis.. K(*|)tr. 30: L’S ‘JO. UMd. 
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held under identic^al conditions and sprayed with sterile ilistilled water in a 
separate moist-chamber, remained healthy. Beisolations from sprayed 
plants yielded isolates which were identical with those u.sed in the baeterio- 



Fig. 1. Bacterial it^af of bird’s-ucst fern. J.'fjthniinn nidiLs L, BifTerciit 

stages in ilie (U'volopnu'nt of the light, water soaked lesions on the loaves. At lower right, 
bottom row, healthy leaf. 

logical stii(li(\s and produced, on inociilatioii, typical symptoms of the 
disease. 

8ix different isolates of proved pathogenicity and three reisolates were 
used in determijiiiig the bacteriologieal charaeters of the pathogen. Stand- 
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art! media and teeliiii(|ue were used as described by the Society of American 
Bacteriologists.^ 

The bacterium is a short rod, 1. 2-2.4 p x 0.3-0.5 ; Gram-negative; 
motile by means of 1 to 3 polar flagellae. On potato-dextrose-peptone agar 
plates, the organism grows rapidly, forming smooth, entire, flat colonies 
which rapidly increase in size. On beef-extra(d-peptone agar slants, the 
growth is grayish-white, with fluorescence in the medium. On potato- 
dextrose-peptone agar slants, growth is rapid, heavy, strongly grayish-white, 
butyrous; the medium darkens with time. Nutrient broth (beef-extract- 
peptone) is turbid within 24 hours; no pell id I; crystals are observed with 
age. There is no curdling of skimmed or litimis milk. In litmus milk, a 
white precipitate is observed on long incubation. Indol is not formed in 
Dunham’s solution. Ammonia is formed in peptone-glucose-dipotassium 
phosphate media as suggested by Hansen.Nitrates are not reduced to 
nitrites. IlyS is not formed in Bacto lead acetate agar. In tubes of 
Fermi’s solution, previously sterilized by autoclaving for 15 minutes at 
15 pounds pressure, to which the followiiig sugars, previously sterilized by 
filtering through FF sindered filters, and inverted Dunham fernunitation 
tubes were added, acid but no gas is formed from the following carbohy¬ 
drates: dextrose, sucrose, maltose, arabinose, xylose, glycerin, galactose, and 
fructose. Very slight acidity develops in lactose broth on long incubation. 
V^ery scanty groAvth occ'urs in raffinose broth, and no acid. Good growth 
occurs in the following synthetic media: Soc. Ainer. Bact., Fermi’s, (k)hn, 
and Usehinsky. Starch is not hydrolyzed. Gelatin is ]i(juefied. The or¬ 
ganism is a facvdtative anaei’obe. Thermal death point, 50'^’ C. The 
organism develops at tem|)eratures from 1^" to 34*^ C., with optimum groAvth 
at 22"-30“ C. 

The name Phytoryiouas asplenii n. sp. is proj)osed. 

Control of this disease is entirely dependent u])on sanitation and good 
cultural conditions. The pathogtm can b(* introduced into the brick-dust 
medium used for propagation puri)oses on fei-n spores taken from old 
fronds of infected i)lants. Therefore, in propagating, spores should be 
taken only iroin liealthy plants. AVhere the disease is present it is im¬ 
portant to destroy all plants with symptoms and to grow the h(^althy plants 
under drier conditions. The brick-dust and ratsnest (a natural fort'st 
compost), flats, and pots should be steam-sterilized. 

When the prothallia and young plants are being transplanted, they 
should be handled with forceps which are frcffuently flamed in alcohol. 

Tests in several commercial greenhouses in San Francisco over a period 
of two years proved conclusively that sanitation and improved cultural 
conditions will yield healthy bird’s-nest ferns. 

^ Society of American Bacteriologists. Manual of methofls for pure culture study of 
bacteria, l^eaflet 11. Preparation of media. 9th ed. 1944. 

3 Hansen, P. A. The detection of ammonia, production by bacteria in affar slants 
Jour. Bact. 19: 223-229. 1930. ‘ ^ 
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SUMMARY 

1. A bacterial disease of bird’s-nest fern causes serious losses in green¬ 
houses in central California. 

2. A bacterial organism isolated from the advancing margins of the 
lesions proved pathogenic upon inoeulation and was readily reisolated. 

3. The causal organism is described and the name Pliytonwnas asplenii 
n. sp. is proposed. The colonies are grayish-white. The organism is motile 
by flagellae attached to one i)ole. 

4. Control measures consist of strict sanitation involving steam-steriliza¬ 
tion of the brick-dust and ratsnest media, flats, and pots, the use of sterile 
for(‘ef)s in transplanting, and avoidance of excessive watering and too high 
humidity in the greenhouses. 

Division of I^lant PATiionoGY, 

University of ('ATiiFORNiA, 

BERKEIiEY, CAIilFORNIA. 



WITCHES’BROOM OF ALFALFA IN NORTH AMERICA' 

J . I> . M E N Z I E S - 
(Accepted for publication June 10, 194()) 

INTRODUCTION 

The wit<*h(‘s’ broom disease of alfalfa {MeiUciujo satwd L.) has been 
re(‘o^>Mized in the Cnited States sinee 1925. A disease of the same name and 
synipt(>moJoj*\' ulso oeeiirs in Australia where it has been studied in detail 
by Edwards (5, (i). The disease in America his received very little atten¬ 
tion l)eeause of its si)oradi(* oceurreuee and minor importance. Ilecently, 
however, it lias become a serious problem in localized areas of Washiuj^ton 
(15) and of British Columbia (2) in Canada. Edwards showed that the 
Australian witches’ broom is a virus disease, transmissible by j^rafting* but 
not by mechanical means. The present studies were undertaken to (darify 
tlie relationsliij) between the Amei*i('an and Australian alfalfa witches’ 
brooms and to fiu’thei’ investijiate methods of transmission. 

illSTORY AND DISTRIIUITION 

Most of the ]n’evious references to alfalfa witches’ broom in America 
are records of ocmirrence only, with occasional descriptions of symptoms. 
Althou<»h most rejiortei’s considered the symptoms to lie indi(*ative of a virus 
disease, it was not nntil Heald and Wellman (10) reported ^ral't transmis¬ 
sion in 1939 that this belief received experimental support. 

The first North Amerii'an record of this disease apj>ears to have been a 
report by Haskell (8) of a witches’ 'u-oom on alfalfa in Idaho in 1925. 
According to Richards (16) the disease ayipeared in Utah about the sann^ 
time. In 1932, in a brief ri'port, Roster (7) mentioned the oecur!*en(‘e of 
witches’ broom in two widely separated areas in British Columbia. Other 
reports show that tlie disease was first found in Washington in 1934 (9) and 
in Alberta in 1940 (4). It lias been found occasionally in the Umatilla 
Valley of Orej^on but the history of w'itehes’ broom in that State is not 
known. Recently this disease lias been reported Irom Arizona by Hoymaii 
(II) who, in 1943, found less than I jier cent in one of the older alfalfa 
plots l(){*ated at the Universiiy of Arizona Farm on the Yuma. Mesa. Dr. 
Hoyman statics, iji corres|)ondenee. tiiat witches’ broom was not observed 
in yoiin^er stands on the Mesa or elsewhere in the State. 

These reports limit the known distribution of witehes’ broom to the area 
betw^een the (Cascade and Rocky Mountains except for an eastern extension 

1 Publishod Witl) tt >0 a])prov;il of tlu> Director of too Wusliin^rtou Agrieultiira] Experi- 
lucJit StutioiLS as Seicnlilie pM])er ^mo. 050. Includes portions of n tliesis submitted to the 
graduate senool of tin* St.-Ur (.^dlege of W^ashington in ]);irtial fulfillment of tlie reiiuire 
menis f^>r the degre(‘ of Doctor of Philosophy. 

2 Formerly Assistant Plant Pathologist,*'Washington Agricultural Experiment Sta¬ 
tions, now Pathologist, Division of Soils, Fertilizers, and Irrigation, Buri'an of Plant 
IndiKstry, Boils, and Agricultural Engineering, (irateful Mcknowledgment is made to 
Dr. F. D. Heald for helpful advice and encouragement and to Mr. H. P Singleton for 
i*oo]>erati()M ni the held studies and for taking several of the pliotographs 
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of the disease into Alberta. A siiij^le specimen of a witches’ broom on alfalfa 
has been reported from Vancouver Island (7). Within tliis <reneral area 
witches’ broom has some very interesting features of distribution and occur¬ 
rence. Although the disease is widely scattered in the Northwest, it has 
reached serious proj)ortions in only 3 or 4 relatively isolated areas. The 
development of the disease in Utah, Idaho, Washingtoji, and British Colum¬ 
bia has a rather consistent pattern. 

The Utah outbreak was the first to occur. According to llidiards (16) 
the disease was first seen in Salt Lake County in 1925. By 1928 it was con¬ 
sidered an important factor in reduction of stands. Dr. Richards reports, 
in recent correspondence, that although the disease at one time could be 
found in older fields to the extent of 60 to 65 ])er cent of the plants, it has 
now almost entirely disappeared, being found oidy along ditch banks and 
fences. This reduction is correlated witli short rotations adopted for bac¬ 
terial wilt ('onl»-ol but it seems unlikely that so striking a control of witches’ 
broom could be obtained in this manner. 

Dr. E. C. Blodgett lias recently furnislied the author with a summary 
of the witches’ broom situation in Idaho. Following the original record 
of the disease in Elmoi*e (bounty in 1925 no Further observation of witches’ 
broom was made until Blodgett noted it along the Snake River in the same 
<*ounty during a plant disease suiwey in 1944. Although the survey included 
most alFalfa areas of Idaho, the disease was not found elsewhere in the 
State. Blodgett found many fields in the Elmore County area wherein 
inf(Mdi()ns ranged fi‘om a tra(*e to 50 |)er cent. The disease is important in 
the area because of the resulting reduction of stands. 

In Washington, scattered infections have been noted in Walla Walla, 
Benton, Franklin, Yakima, Oi'ant, and Okanogan counties, but except for 
modei’ate s(*verity in small plots at Prosser (Benton County) the disease is 
im])ortant. only in the Methow Valley area of Okanogan County, where it 
was first reported in 1934 (9). In 1939 Ileald and Wellman (10) reported 
infections in tliis ar(‘a ranging from 25 to 60 per cent. Later surveys by 
the author show tliat tlie disease (continued to increase during the next 3 
years. Infeidions during those years reached as high as 80 per cent with 
ai'companying stand redmdions. S()me growers reported having to plow 
and reseed fields in as short a time as 3 years because of witches’ broom 
infection. 

The Methow Valley is narrow and isolated from the moi*e open alfalfa 
areas in ('(vnti’al Washington. The original outbreak of witches’ broom was 
at tlie upper end of the valley near Mazaina. Since then it has spread to 
involve almost all tlie alfalfa areas of the valley to a point about 30 miles 
below Mazaina. Since 1942 there is evidence that new plantings in the 
center of the original diseased area are being less severel\^ attacked, although 
infections in more recently invaded areas are still at a high level. Young 
stands in the Mazaina area now have only scattered infeidions whereas in 
previous years growers despaired of maintaining stands in these fields be- 
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cause of the severity of the disease. The topography of the area is very 
irregular and it is, therefore, difficult to decide whether or not there is a 
‘ * crestof infection moving outw'ard from the original point of occur¬ 
rence. The rate of s])read down the valley during the last 3 years has been 
slow, and has now reached a natural barrier of rough, uncultivated territory 
which may effectively isolate the disease from the other alfalfa areas of 
the Columbia Valley. 

The information available on the distribution of wdtches^ broom in 
British Columbia (2) shows that infections have built up in the Nicola 
Valley comparable to the Methow Valley areaf Here, again, severe disease 
development lias been strikingly localized. 

Witches^ broom, therefore, has a 2()-year history of persistent localiza¬ 
tion of severe outbreaks. The natural recession of the disease in Utah and 
the indications of the same phenomenon in Washington are hopeful signs 
that the same may occur in other areas. The factors responsible for 
witches’-broom outbreaks must be common to these areas but not general 
within the known distribution range. These factors are not known, but 
it s<?ems most likely that they are concerned with the f)opulation trends of 
insect vectors. 

A witches’ broom on sweet clover has been reiiorted in Alberta (3) but 
has not been found in Washington even in areas Avliere alfalfa is seriously 
affected. Very similar symjitoms, how^ever, oc.-cur on red clover and White 
Dutch clover in Washington and have been seen occasiorially also on blacdf 
medic {Medicago lupuhna L.). No hosts other than alfalfa have been 
reported for the disease in other states or in Australia. 


SYMI*TOMS AND EFFECTS 

Witches broom of alfalfa is a disease which slowly modifies the ajipear- 
anee of affected plants during the course of one to several seasons. Conse- 
quently a wide range of symptoms is encountered in the field, in the typical 
or advanced stage of infection the plants ai*e severely chvarfed and bunchy 
(Fig. 1, B). This is due to the excessive development of short spindly shoots 
fioni all pacts of the crown and Irimi axillary buds along the stems. The 
plants have a vellowrish cast as a result of marginal chlorosis of the leaves 
and a general ])Hle-green color of the tiny snemdent stems. Normal alfalfa 
leaflets may be described as oblong or elliptic-oblanceohite with spinose 
dentieulations tow'ard the apex. Leaflets on affected plants are definitely 
smaller, obovate to cuneate, usually lack apical dentieulations, and are fre- 
qiiBUfly wririkled or puckered as showu in figure 2, A. Usually, wdtehes’- 
broom-in&cted plants are ereet and compact but may develop a prostrate 
habit of growth as the tops approach maturity. Diseased jilants are easily 
recognized in the field, even from a considerable distance, especially if the 
stand is thin or newly cut. 

The first symptoms of infeetion iisnallA- are seen after new ^^rowth com¬ 
mences following cutting. Plants prwlueing symptoms for the first time 
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invariably have the same de<i’ree of infection over the entire plant. There 
may be little or no dwarfinjr but the f)lants can l)e recojjfiiized immediately by 



Fig. 1. Alfalfa witches’ Ikhiomi. A. Early stage of iiifeetioii (right) contrasted to 
liealthv plant (left). B. 'two severely diseased plants, tln^ larger One with tufts of 
nitcheV brooms on previonslv healthy stems. C. Advanced stage of witches' broom. 
•1). Severe symptoms of bacterial wilt for comparison. All photograj)hs by TT. F. Singleton. 

the greatly increased number of stems and erect habit as well as by a slight 
marginal chlorosis of the younger leaves. After the next cutting the ne^\ 
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j^rowth will usunlly be (leeidedly dwarfed and tlie leaflets iinieb reduced in 
size, l^iseased ])Jants become progressively stnnted after each euttin«: and 
the number of stems is increased. Several Inindred s])indly stems are com¬ 
mon on ird’ected plants while severely ird'ected crowns liave been loiind witli 
as many as 3,000 very fine, densely matted stems. kSik'Ii plants can scarcely 
be recognized as alfalfa because of severe dwarfing and an accoiiipanying 
redmdion of leaflets to tiny, bract-like structures on the ends of the petioles. 

Wliile affected shoots usually originate from the crown they may also 



Fkj. ‘J. Symptoms of alfaifn witclica’ broom ol>tuiiic(l by graft transmussioii. A, on 
Mlfalfa; B, on rod olovor; (\ on black iinnlic (M. I Hindi aa). Ilojiltliv shoot (li), disoasod 
shoot (d) " . 


appear in tufts at the nodes on previously healthy stems. Tliis condition 
oeeiirs ou newly infected plants wlien the old, sym])tomless gt-owth is not 
removed by liarvostiiig. A general view of such a plant is shown in 
figure 1, B. 

Witelies’ broom causes a definite deerease in yield because of the dwarf¬ 
ing but tlm chie^‘ source of loss is the reduction of stands by the early death 
of diseased plants. Plants die during the winter, wliicb suggests that the 
infected plants are so weakened by the eonstant proliferation of new shoots 
that they readily succumb to low temperatures. Daia were obtained on 
death rate of diseased plants in a row-planted nursery at the Irrigation 
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Brandi Experiment Station, Prosser, where it was possible to follow the 
course of the disease in individual plants. 

Durin**’ a 3-year period 131 newly infected iilants were observed during 
one winter, 54 were observed through 2, and 17 through 3. In the first 
group 50 per cent of the plants died during the first winter, in the second 
group 39 per cent died the first winter and 81 per cent were dead after the 
second. In the third group the rate of death was 35, 59, and 90 per (*eiit 
at the end of 1, 2, and 3 winters, respectively. Thus, in these cases, almost 
half the infected plants died the first winter and only 10 per cent survived 
three winters. ITie decrease in number of healthy plants in the same 
nursery during the same 3-year period was from 2,507 to 2,078, an average 
annual death rate oi‘ approximately 6 pin* cent. 

Heed production is almost entirely inhiliited in diseased plants. The 
few flowers whicli are produced are usually in groups of two or three instead 
of in many-flower(*d racemes typical of normal plants. The blossoms are 
smaller and ])aler than the normal and rarely produce seed. The small 
quantity of seed (*ollected from infected plants has been poor in ap])earance 
but has germinated well. 

TRANSMISSION EXPERIMENTS 
Mrckan ical Transm ission Tesis 

Neithei* Edwards (6) nor Heald and Wellman (10) were able to transmit 
witidies’ broom by mecdianiind inoculation methods. Edwards used various 
tec'hniques involving the use of cotton swabs, pin pricks, and hypodermiii 
nei»dle injections into stems and roots. The method used by Wellman was 
probably the one recMvinmended by Jones (13) as being sometimes effective 
when other methods fail. This cojisists of using macerated diseased tissue 
on a swab as iruxuduni and dusting carborundum powder on the leaves to be 
ino(M dated. 

This method was ustui by the author to inoculate 250 [dants but no 
infection resulted. During the live years of this study many healthy and 
diseased ])lants have been handled in the greenlmuse without regard to the 
possibility of accidental mechanical transmission, yet none is known to have 
occurr(Ml. In unsuccessful grafting attempts where diseased scions have 
i*emained alive for as long as 10 days befoi-e withering, there has been no 
transmission of the disease. It therefore seems nidikely that mechanical 
ti*ansniission can occur and certainly there is little possibility of the disease 
being spread in the field by the mower or other mechanical means. 

Graft Transmissif/a Tests 

Both Edwards and Heald and Wellman were successful in transmitting 
witches’ broom by grafting. However, since it could not be assumed that 
the Australian disease Avas the same as the one in the United States, and 
since the work of Heald and Wellman aatis incomplete, grafting tests were 
repeated on a more extensive scale. EdAvards used a Avedge- or veneer- root- 
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^■raftiiijr te(!hjiiqiie yiekliiig’ about 12 per cent sueeesKsful grafts. Ileald and 
Weilniaii also used various types of root ^Tafting^ with methods found to 
be satisfaetory by Weinier (17) in grafting studies on alfalfa dwarf. 

Preliminary r*oot-grariing tests were tried but beeause of a low pereent- 
ag*e of successful grafts, the method was abandoned in favor of a modifica¬ 
tion of the shoot-grafting teidinique. Because of the slenderness and succu¬ 
lence of witches’-broom-infected shoots the usual cleft-graft method as used 
on more robust herbaceous plants was not satisfactory. The chief change 
ne(H\ssary in using tlie method was to keep the delicate grafts in a humid 
atmospher(* in a glassed humidity chamber for at i^-ast 10 days aftei* graft¬ 
ing. The unions were ('arefnlly but firmly bound with fine thread whicli 
could latei* be removed. After (*onsiderable ])i-actice it was possible to 
obtain as high as 75 per cent su(‘c(‘ssful grafts by this juethod. 

TABIjr] ^.~—Th^\r rcquiml for sHffirirnt H.sshc union in alfalfa praffs to alloir fraris- 
frr of the witehcH'-hroom virus 


Dunit ion uf graft 


(laiis 


PI 

12 

10 

20 


'I’ ra n H m i.sHi oJI rcsIJ11 s 
'total plants 
n u nib(‘v 


Plants infcoted 


number 

0 

0 


In all cases wliere diseased scions became established on healthy alfalfa 
])lants, transmission of witches’ broom was obtained. In one typical experi¬ 
ment witli 5 root-ai)i)roach grafts the diseas(‘ was transmitted in 118 days 
while with 23 shoot grafts it was transmitted in an average of 61 days. The 
results with the I’oot grafts are in accord with those of Edwards who re¬ 
ported a latent ijcriod of the virus in the plant of from 4 to 5 months. The 
delay(‘d ti’ansmission with the i*oot grafts may be due in part to a greater 
length of time required for ad(‘quale tissue union. 

The actual latent period between inoevdation and symptom expression 
is diffieult to detei'iiiine in the (‘ase of allalia wit^dies’ broom because of 
indefinite early symptoms, 'flms, the latent period ranged from 32 days 
to 13/ days in tiu* case ol shoot grafts, a variation whicli a|)])(*ai’ed to be 
related tv) growth rate of tlio ])lants, faster growing ]>lants producing the 
earliest symptouhs. fSince these figures also include the time necessai*y for 
sufiScient tissue union to allow virus transler, a sciou-removal experiment 
was performed to determine this interval. Thirty young alfalfa plants were 
grafted by the shoot-gj-aft method with scions atrected with the disease. 
Five days after grafting the scions Avere removed from 5 of the plants and 
from groups of v> otliers at internals of 10,12,16, 20, and 25 days. All plants 
were kept in the greenhouse for 4 months before final records Avere taken. 
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Table 1 shows that virus transfer eonimencod between the 10th and 12th 
day and had taken place in all plants in from 20 to 25 days. Thus, under 
the conditions of these tests the actual latent i)eriod of the virus in the plants 
averaged aj)proximately 40 to 50 days. 

Studies of Host Range hij Means of Grafting 

The report of witches’-broom symptoms on sweet ('lover in Alberta and 
the occiiri*eii('.e of similar symptoms on red clover, White Dutch clover, and 
black medic in Washington led to att(nnpls to determine the leguminous host 
range of the virus by means of cross-grafting. This method has been used 
successfully with solanaceous |)lants but has not been very sin^cessful in 
other families beyojid generic limits. 

Jn th(‘ fall of 1941, some preliminai-y grafts were made on 2 species of 
sweet ('lover {MeUloius alba and M. officinalis) using witclies’-broom-in- 
fec'ted alfalfa scions. Eventually 12 scions were established on plants of 
M. alba and 7 on M, officinalis. These plants were observed in the green- 
house for one year. During this time the growth of scions on M. alba was 
stunted, but the unions apix^ared to be sound. No symptoms of witches’ 
bi’oom a])pear(Ml on the sweet clover and back grafts to alfalfa indicated 
the abseiK'e of virus. The stocks of M. officinalis di(Hl during the year witli- 
ont any evidevnee of virus transmission. 

During the winter of 1942-43 numerous cross grafts from diseased 
alfalfa to various species of legumes were attempted. Although many of 
tliese gr’afts failed to survive longer than the initial humidity treatment, 
eventually 87 ai)parently successful grafts were obtained on 12 different 
s]>ecies of legumes. At the same time a few additional grafts were made on 
alfalfa as a che(‘k on tiie tedinicpie. 

Although tlie numm-ous alfalfa scions on different legume sj^ecies 
se(‘umd to be well established, it eventually bei'ame evident that all alfalfa 
S('ious on gevuera otlier tliaii Mcdicago had failed to make union but were 
being maintaiiK'd on their own adventitious roots which had become an¬ 
chored in tlie pith tissue of the stock. The final results both in scion rooting 
and transmission are summarized in table 2. The fact that the scions were 
producing roots rather than uniting with the stock bec^ame evident wlnm 
living alfalfa scions were noted on red (dovei’ stems that had died. On 
red clover the scion roots were v(u\v fine and could be mistaken for vasenlar 
strands of the (*lover, in other cases the sc'ions ])roduced such vigorous roots 
that the stoc'k stem was eventually sjdit and shredded and the roots became 
auchon^d in tlie soil. In the case of the one sui'viving scion grafted on bean 
there was no external eviden(*e of rooting even 3 months after grafting and 
although the scion was not thrifty it was still living. At the end of this 
period the bean stem was ('.ut open revealing a single, stout alfalfa I'oot 
about three inches kmg extending through tlie pith tissue of the stem but 
not reaching the soil. Although rooting of scions was not common on 
Mcdicago spec'ies in this test, later grafts with alfalfa resulted in several 
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cases. Microscopic exainiriation of many jiTafts of diseased scions on healtby 
alfalfa revealed a fnMpitnd teiideney for root priinordia to forin, but root 
developirient. aj)j)eared to be ehectked by satisfactory tissue nnion. In one 
case scion r<)()liii<>- was accompanied by sufficient tissue union for virus trails- 
mission. Hiuce liealtliy alfalfa scions ivere not used in any of these f]^rafts 
it is imt. knowji what effect the virus may have in stimulating’ the rooting 
tendency. However, back jj^rafts with apparently liealthy scions of red 
clover and wliite sweet clover onto Jiealtliy alfalfa also ^ave the rootinji’ 
response w ithoiit tissue union. 

These results show that scion survival in cfoss grafts with the legumes 
used does not conslitute sufficient evidence for tissue union, (/onsequently 
use of the method for studyi)ig virus host range in this family does not 
apjiear promising excef)t within genera. 


TA HTjE 2.. Kcsults of cross-f/raflinff c.rprrimcnls wilh witches^ hrootn infected 

alfalfa .scions on varion.s species of lepumes 


Plants with living scions . 

—.... — - Good Scions f 

After After After union rootcnl 
12 (lays 30 days 90 days ^ ^ 



.no. 

no. 

no. 

no. 

no. 

no. 

Medleapo .satlea L. . 

. 13 

TO 

8 

f) 

0 

8 

A/ . Illp id in a L. 

. 19 

5 

r> 

5 

0 

5 

M. hi.spida Gaert. 


4 

3 

3 

0 

3 

M. arabica Hiids. . 

. 8 

4 

3 

3. 

0 

fa 

Trifolium pratensc I .1 . 

. 12 

12 

s 

0 

8 

0 

T. f raptf era rn L. . 

. 4 

2 

0 



0 

T. byhrldnm 1 j. . 

. 10 

8 


0 

3 

0 

T, re pens \j . 

. 7 

5 

0 



0 

T, inearnatum L. 

. 10 

10 

5 

0 

f) 

0 

Lotus coniieutalus L. . 

. 6 

0 

0 



0 

Onohrpehvs sp. 

. ri 

4 

1 

0 

1 

0 

Pha,seolus vtilqaris L. . 

. 4 

it 

1 

0 

1 

0 

Jiobinia Pseudo-Aeacia L. 

. 7 

1 

0 



(.1 


"iMaiits inatiirod and dh-d without showing disease syniptoiiis. 


8to('k sjx'cies 


The (U’oss gral ts to othm* species of Medicago were successful as evi¬ 
denced by good scion gi-owth and absence of rooting. Five grafts out of 10 
attempts wei-e obtained on M. lupulina with transmission of the virns in 
each case. 

The syinpioins, a.s shown in fi<?nr(‘ 2, C, ai-e similar to those produced 
on alfalfa. Back firafts from tlicse iilants to healthy alfalfa produced the- 
typical symptoms of tin' disease in the latter. Witti Mediengo hhpida 3 suc¬ 
cessful jn-afts \vcrc obtained followed by flip apix'arance of witches’-broom 
symptoms in the stock after an interval (;f apjrroximately 3 months. 
Altliouf-h 3 suceessfnl crafts were obtained on M. urnbim no appearance of 
.symptoms was rec.ordcd prior to the death of the pliints. Since this species 
is an ciiiniml it i^. possihle that, tlie ^raitinpT was done too late for symptoms 
to develop before the plants matured. Previous mention has been made of 
tJie natural oecurreuee of witches’ broom on red clover and White Dutch 
clover. 
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The inability to obtaiii grafts betAV(M*ii diseased alfalfa and either red 
clover or White Dvitch (*Jover prevented experimental proof of the relation- 
sliip between the naturally oeenrrinji- witclies’ l)rooms on tiiese d liosts. In- 
fe(jted plants of tljese 2 (clovers were used in the greenhonse for various graft¬ 
ing’ tests. No perniaiumt grafts with witches’-broom scions of white clover 
wer(^ obtained on any spe‘cies. Diseased red (*lover scions, liowever, were 
grafted to healtliy red clover v ith transmission of tin* typical witches’-broom 
sympb)ms as shown i]i figure 2, B. Hince the clover witches’ brooms are 
found only in association with alfalfa witches’ broom and since the red 
clover form is also graft-transmissible, it is very likely that they are all 
caused by the same virus. 

The host i-ange of alfalfa witehes’ broom, tlierefore, definitely includes 
Medicuijo lupnlina and i¥. hispida, probably includes Trifoliiim repfusy 
T. pralouse, and according to (’orma<'k (4), also includes Mrlilolvs sp. 

Insect Transmission Tests 

The only previous attempt to find an insert vector for alfalfa witches’ 
broom was by Edwards (6). In most of his experiments mass collections 
of insects from all'all'a fields were allowed to feed at will on both liealthy 
and diseased plants under large cages. No transinissioji was obtained with 
any of tlie Jnse('ts us(‘(l. Since field observations suggested the presence 
of an active insect vector, tests were begiin in Washington in lf)41 wdth 
sucking insei'ts common in alfalfa fields. A report lias already been made 
on preliminary evidence that the leafhopper. Ptatymoidrus acutns Say. can 
transmit this diso'ase (14). Since tlie details of the tests were not pnblislied, 
tli(‘y are reported here. 

Jn the exploi'atorv vector t(‘sts. mass colhH'tions of suspected species 
were caged on itrfec'ted alfalfa ])lants for a short feeding pei*iod after wliich 
tliey Avere segregated into si)e(des groups and transferred to healthy plants. 
No athmipt Avas made to obtain identification of insecds giving negatiA^e 
results since such tests Avere not considei*ed (*on(‘lusive. 

In the ('ourse of several hundred tests Avith sucking insects one case of 
transmission oc('urred AAdiert^ Ptatymoidens aentus'' Avas used. In this case 
a large, but undetermined, number of leafhoppers of this species Avas caged 
on an infected iilaiit from May 26 to June 2, 1948, after Avhich they AA^re 
transferred to a healthy jilant for 12 days. At the end of this time 7 insects 
Avere still living. Wit ches’-broom symptoms Avere first considered definite 
on August 14, api)roximately 2 months after inoculation. 

A second experiment Avas then begun using larger cages, in Avhich one 
infected ])lant and 4 to 6 healthy i)lants Avere placed. Field collections 
of the suspected species were added to some of the test cages fi*om time to 
time during August- and early September, Avliile otlier cages Avere lield as 
checks. By the end of October all tlie insects had died and tlie plants were 
I'emoved to the greenhouse bemdi for obserA^ation. 

» Tdciitifixation of tins insret was kindly made by T)r. P. II. Bt'amcr, Pnivorsity of 
Kansas. 
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No syinptoins cijvpeMred on ]ilauts until earl}^ in February, 1944, 

when 2 plants were recorded as snspiidons. Symptoms eontiiined to develop 
on these and other i)laiits until finally, by May 15, ei^liteen of tJie 29 sur¬ 
viving' test plants were definitely affected with witclies’ broom. None of 
the 6 cheek plants became diseased and ]io infections appeared on niicajxed 
healthy alfalfa that iiad been lield in the same greenhouse during the entire 
]>eriod of the test. 

A third s(*ries of t(*sts with the same leaf hopper was carried out during 
the sumnu'r of 1944. Small <‘ages to fit 6-ineh pots were used. Ea(*h i)ot 
contained from 5 to 10 alfalfa seedlings grownffrom seed under the cages. 
Details of each test and the transmission results are shown in table 3. 

TABLK 3 .—Ursniift of wilehrs'-broom Iransmission fcsls on alfalfa SfrdUnfjs ivith 
the Imfhopprr PlatptnoUlrns arntus i>ap. dnrinp ihr snmmrr of 104i 


Pot 

Xo. 

No. of" 

;i Ifolfo 
.seedlings 

Xo. o 

A diilts 

f‘ jnsecls 

N vniphs 

Stonre of 
insetds 

F('(*d ing 
]»eri()<l 

No. of 
plants 
iiifcMded 

1 

5 

10 


1 


l)ist‘ased 1)11.'* 

21 days 

4 

*) 

9 

4 


1 


do 

indef. 

4 

:] 

r 

0 


;; 


do 

21 days 

3 

4 

() 

1 


20 


Field eoll.»' 

ind(‘f. 

3 

5 

() 

5 


• 25 


do 

indef. 

0 

() 

(> 

1 


15 


do 

17 dav.> 

4 

7 

5 

0 


:> 


do 

17 days 

0 

8 

0 

1 


c 


do 

18 (lavs 

0 

!) 

4 

0 




do 

.18 (lavs 

0 

10 

5 

Pli(M‘k- 

no 

insc( 

ds 



0 

11 

4 


do 





0 

11? 

5 


do 





0 

IM 

5 


do 





0 

1-4 

(1 


do 





0 

15 

8 


do 





(,» 

» liisiM: 

'ts e/Jged Oil 

an jiitV('t( 

I'd |i 

Oant 

foi ; 

n least 10 days. 




ts taken froni an alfalt': 

1 am 

rserv 

with appro.vinjately 

50 per e(' 

nt wit (‘he.s’ 

l)r( mud. 








Th(» i)erceotage 

of transmission 

obt; 

lined in the various cages of the third 

test appears to b(’a 

* some n 

dat 

ion 

to tlie number of insec 

■ts. The 

mortality 

i*ate was 

high in 

dl cagch 

a 

1(1 may 

a('couut for tin* 

jioor tr^ 

nsmission 

recorded 

in i'agi s VN 

'here on] 

y 

f(nN 

insects wer(» used. 




The consistent transmission of \Aitches’ b]*oom in all tests with Plaly- 
moidi ds acutvs and the absence of transmission in the check cages establishes 
tliis insect as a ve('tor of tlie virus. (Vi'tain field observations, however,' 
suggest that it mav not he the most ii]i])ortant natural vector. The insect 
could not be found in the Methow Valley during 2 visits there in the summer 
of 1944. These searches were made in June and August, when the insect 
could be fo.ind in the Yakima Valle>’, ajul included sweepings in fields very 
severely infected with witches’ broom. Furthermore, field records at 
Prosper indi(‘ate a peak of new infections early in the season whereas the 
]>eak of population of P. acidus occurred in late August. Even though this 
s|>er>ies mav not be the <‘hief vector its widespread occurrence provides a 
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possible means by whieli witehes^ broom could become established in 
new areas. 

Dodder Transmission Tests 

The ability of various si)ecies of dodder {Cuscuta spp.) to act as trans¬ 
mission bridges for certain viruses lias been demonstrated by Bennett (1), 
Johnson (12), and others. Since dodder was found generally distributed in 
alfalfa fields in the Methow Valley, the possibility that dodder might trans¬ 
mit the witches’-broom virus was investigated. 

Field-grown Ciiscuta campesiris Yiink. was established in the greenhouse 
on 9 rooted cuttings of witclies’-broom-infected alfalfa in small pots. After 
tile paT*asite had made sufficiiuit growth the dodder strands from each plant 
were trained across to a healthy alfalfa plant in an adjacent pot. Nine such 
pairs were established eaidi liaving several well connected dodder bridges. 
I’lie period of union varied rrom 17 to 62 days after which the dodder was 
i-emoved and tlie healthy plants kept for observation. None of these plants 
subsecpiently developed symptoms of witches’ broom, which indicates that 
this sj)(‘cies of dodder is not a factor in transmission of the virus. 

Seed Transmission Tests 

To test the possibility of seed transmission of the witches’-broom virus, 
colleidions of seed were made from infected plants. These yilants rarely set 
seed and it was ixissible to collect only a very small amount for this purpose. 
In 2 different tests, 488 plants were grown from this seed and kept for at 
least one year in a nursery. None of tli<^ jilants had any evidence of witches’- 
broom inf(*ction. 

rOMl’ARISON 01’ AMKRK AN AND AT'STRALIAN WITCHES’ BROOM 

No positive evidence has been obtained to show that the witches’ broom 
described by Edwards in Australia differs from the one in tlie United States. 
Tlie symptoms ajijiear to be identical and the transmission experiments show 
similar agreement where positive data are available foi* botli diseases. 
Edwards repoi-ted a ])i5ylloid condition of blossoms on infected plants which 
he (considered to be ])art of the sA Uiptom })icture. A similar phyllody has 
been observed iji Washington on both witches’ broom and healthy plants 
and is therefore believed to be unrelated. Edwards also reports occasional 
recovery of diseased plants when transplanted to the greenhouse, a phe¬ 
nomenon that has not been observed here. Tliose possible differences require 
further study before they can be evaluated. Tu the meantime it is justifiable 
to assume that the 2 diseases are the same. 


SUMMARY 

Alfalfa witches’ broom is a virus disease occurring in Western United 
States and adjacent Canada. It appears to be the same as the alfalfa 
wdtehes’ broom prevalent in southern Australia. Comparison of known 
features of the two forms of disease slunvs no positive differences. 
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This disease has become serious in isolated areas of the Pacific Northwest 
but has not spread widely within this area since its first appearance 20 years 
ago. The history of the disease indicates sporadic outbreaks followed by 
mitural recession. 

Affected plants aj’e decidedly dwarfed and have a dense proliferation of 
shoots from the (‘rowii. Death follows in from one to three years. With 
beavy infection, stands are rapidly reduced. 

Witches’ broom occurs naturally on alfalfa, red clover, and White Dutch 
clover. It has also been reported on sweet clover in Alberta. Gratting 
tests have resulted in artificial infection (^i^Medtcago iupidina and M. 
hispida. 

The virus lias been transmitted by both root and shoot grafting and by 
means of the leafljoi)per Plafynioideus amtna Say. Negative results were 
obtained in efforts to transmit the witches’-broom virus by mechanii*al 
means, by dodder, or through the seed. 

Irrigation Branch Station, 

State Agricultural Experiment Station, 

Prosser, Washington. 
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PIIYTOPATHOLOGICAL NOTES 


An Undescribed Coryneum on Diseased Italian Cypress. —^Aii uncle- 
scribed ,sx)ecies of Coryneum was found on an Italian ('vpress {Cupressiis 
sempervirens L.) from the vicinity of Montf^omery, Alabama. Although 
dead terminal buds, lea ves, and branch lets of the cypress gave c\ddence of 
a diseased condition, the patliogenicity of the fungus has not been investi¬ 
gated. The fruiting bodies of the fungus appear as small black pustules 
s(‘attered sparingly on the leaf surfaces of the host or oc(^asionally (foalescing 
on the leaf margins. No p(*rfect stage was observed. 

(■07'yncum. asperulum sp. nov.^ 

Acervuli conspersi, atri, erumpentes, pulvinati, plerumque cii*('ulares, 
50-200 in diam.; conidia oblongo-fusoidea, asi^erula, tyi)ice 3-septata, 
olivaceo-grisea, 27-112 fi x 5 -6 q (19.0-40.6 g x 2.6-6 g), ad septa }ion- vel 
subconstrieta, cellula terminali ad apicem inuticum leniter attenuata, cellula 
basali truncata; (*onidiophora simi)licia, brevia; i)seudoparaphyses }iulli. 

In foliis morbosis (Jupressi semi>ervirentis, Alabama. 

Acervuli scattei-ed, black, erumpent, pulvinate, usually circular, 50- 
200 diameter; conidia oblong-fusoid, slightly roughened, typically 2- 

septate, deep olive-gray to dark olive-gray, 27-22 g x 5-6 g (19.0.40.6 g x 

2.6-6 g), not or only slightly' constricted at the septa, terminal cell slightly 
tapering to a muticate ai)ex, basal cell truncate; conidiophorcs simple, short; 
pseudoparaphyses absent. 

On diseased foliage of Cupressns sempervire7is Jj.: Alabama. Type 
(F. P. No. 48276) in the IMycoIogical Collections of the Pureau of Plant 
Tndiistry, Soils, and Agricultural Engineering, United States Department 
of Agriculture, the New York Botanical Carden, and the Farlow Herbarium 
of Harvard University. The general structure of the fruiting body is 
.shown in figure 1, A and IV, with spores shown in C. 

Twelve species of Coryneum have been described on conifers; of these, 
two occur on Cupressus, Wagener^ reported Coryneum cardinalc Wagener 
as tlie ('aiise of serious stem and brancli cankers on the Monterey cypress 
(Cupressus macrocar pa ITartw.) and, occasionally, on the columnar Italian 
cyf)r(*ss (C. sempernirens 1j. var. striefa Ait.) in California. Natural infec¬ 
tions w(*re obserNcd on C. pygmaea (Jicmmon) Sarg., C. forhesii Jeps., and 
0. Insitanica Mill.; and artificial inoculations extended the list of suscep¬ 
tible species and ^'arieties of Cupressus. Coryneum berclcmanii Milbrath, 
whii'h caus(‘s a blight on the foliage and young stems of ornamental varieties 
of Thuja orientaUs L., occasionally affects the columnar Italian cypress in 
Oregon.’^ Both C. cardinaJe and C. berchmanii differ from C. asperulum 

t Tli(‘ lifitin doseription wns prepared by Edith K. Cash, Assoeiate Mycologist, Divi¬ 
sion of My(iology and Disease Survey, Bureau of Plant Industry, Hoils, and Agricultural 
Engineering, Agricultural Research Administration, IT. S. Departmejit of Agriculture. 

2 Wagener, Willis W. The canker of CupressuH induced by Coryneum cardmale n. sp. 
Jour. Agr. Res. 68: 1-40. 1939. 

^ MiU>rath, J. A. Coryneum blight of Oriental Arborvitac caused by Coryneum herek- 
maniif n. sp. Phytopath. 30: 592-602. 1940. 
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by having S-septate spores. Only three of the twelve species reported on 
conifers belong to the 3-septate group. These are C. bicorne Kostr. reported 



FitJ. 1. Corynrvm asperulnm. A, Fross stMitioii of acerviilus with sporos dislodged. 
(Note host epidermal tissue.) x ^25. P>, (hos.s seeium of mature aeervulus with sport's 

attached, x 225. 0, Mature spores, x OOO. Photomicrograplis by M. P. ¥. Foubert. 


Oil Jeaves of Ahics peciinaia DC. in Donmark,^ C. thyicolum Vest, on leaves 

^Eostrup, K. Mylfologiskc moddelelser (VIJT). Botanisk Tidsskrift 22: 254-270. 
18!b^-99. 
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of Thuja occidentalh L. in Sweden,^ and C. oinereum Dearn. on older needles 
of rinus corUorta Dougl. and P. murrayana Grev. and Balf. in Oregon and 
Colorado. Coryneum asperulum differs from C. hicornc by having lonj^er 
and niore narrow eonidia. Furthermore, the conidia of C. hivorne are 
curved and bifurcate. The conidia of C. thyicohini are characterized by 
conic papillae at each end and are much broader than those of C. asperulum. 
The long conidiophores and shorter and broader conidia of C. ciucreum 
differentiate it from (J. asperulum. Karsten' described a fungus from the 
needles of dumper us communis L., which lie placed in the closely related 
genus, Ejosporiuni, and stated that his species, Exosporium dcflecicns 
Karsten, resembled Coryneum. Although E. defleetens lias 3-septate 
(‘onidia, the spores are much shorter than those of C. asperulum. — Frances 
F. Lombard and Ross W. Davidson, Divisio-n of Forest Pathology, Bureau 
of l^lant Industry, Soils, and Agricniltural Engineering, Agricultural 
Research Administration, U. S. Departmcuit of Agriculture, Beltsville, 
Maryland. 

Eeduciion in Yiehl of the Anjou Pear Caused by Wetiahle-sulphur 
Spray.'^ —Wettable-sulplmr fungicides used for control of the scab fungus 
{Venturia pyrina. Aderh.) at Hood River, Oregon, were reported recently“ 
to cause russeting of the fruit and lighter green color of the foliage of the 
Anjou pear variety. Although early observations indicated that sidpliur 
sjirays might infiuence the yield of fruit, comjiletely satisfactory experi¬ 
mental evidence was not obtained until 1945. A summary of the effect of 
fungicides upon the fruit s(*t and fruit yield of Anjou pears for 1942 through 
1945 is [iresented in this pajier. 

Plots arul spray proyram. The ])h)ts, selected primarily for pear scab 
(^onlrol exjieriments, Avere located in 2 different orchards. In botli orchards 
the Anjou trees were relatively \ igorous and at the iieak of their produc- 
ti\’ity. The trees had been pruned to prevent interlocking of limbs and 
ex('essive shading of the low(*r branches. Fertilization, cidtural })ractiees, 
and the opportunity for pollination by other A^arieties were considered satis¬ 
factory for commendal crop production. 

All the experimental ti'ces received a delayed dormant application of 
either lime-srdphui’ solution or lime-sul])hur plus oil emulsion to control 
insect pests and the overwintering s(*ab fungus in lesions on twigs. Previous 
ewidence had indicated that the delayed dormant sprays had tio adverse 
effect upon fruit set. 

■> V«.stcrgreii, Tycho. Biding till on iiioiiogrofi dfvor Svorigos SphafiopBitR'CV. T. 
S])hncropsidi‘ac et Mclancoiiieno iiovne in Succia coilcctac. Ofvcisigt nt Kongl. Vetens- 
knps-AhadeniioTJs Fdrhniidliiigjir 54: 35-46. 1897. 

6 Dearness, John. New and noteworthy fungi.—TTI. Mycologia 16: 143-176. 1924. 

7 Karsten, P. A. Fragmenta mycologia XXITl, ITedwigia 27: 258-260. 1888. 

1 Published as Technical Paper No. 482 of the Oregon Agricultural Experiment 
Station, with the approval of the Director of the Station and the Chief of the Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture. 

2 Kienholz, J. R., and Tioroy Childs. Fungicides in relation to scab and fruit russet 
of pear in the Hood River Valley, Oregon. Phytopath. 35: 714-722. 1945. 
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The experimental spray treatments, applied from the pink throuf^h 3 or 
4 cover sprays during the 4 growing seasons, were are follows: (1) Check. 
Lead arsenate (3-100) only. (2) Micronized wettable sulphur (8-100) plus 
lead arsenate (3-100). (3) h^urrie dimetbyldithiocarbamate (Formate) (11- 
100) plus lead arsenate (3-100). (4) Co]yper phosphate-lime-bentonite (4- 

4-4-100) plus lead arsenate (3-100). 

All materials were applied with a eommereial power spi’ayer which main¬ 
tained a x>ump ])ressure of ai)])roximately 400 pounds. The lead arsenate 
(3—100) for codling moth control usually was added in the calyx and later 
cover sprays. 

Results, Four applications (pink, calyx, jAul 2 later applications) were 
made to the plots in 1942. Treatments 1 and 3 were each applied to 6 trees; 
treatment 2 to 60 trees; and treatment 4 to 24 trees. The tlesign of this ex¬ 
periment did not permit a statistical analysis of the results. No counts were 
made of the number of blossoms originally on the trees, so the i)ercentage 
that set fruit could not be determined. The average yields in field boxes 
per tree (a field box usually holds from 100 to 150 average sized i)ears and 


TABLE 1.— Eff'ccta of J fiingicnha upon fhr sH of fruit of Anjou poars 


Tr(?jitin(Mit iiunibcr and fungicide nsi‘d 


Piueentage of blossoms setting 
and maturing their fruits 



Wki 

1944 

194o 

:1. Check trees . 

0.27 

3.4 

2.84 

2. Wettable sulphur tS-lOO . 

O.J J 

. 1.9h 

1.80a 

Formate 1.5-100 . 

0.17 

2.5 

3.04 

4. Copper pliosplmte-liine-beiitoiiite 4-4-4-100 

0.25 

O.'O 

3.71« 


!' Result8 difTer sigiiificaiitly from those e<’ eori'esponding chock at the 5 per cent point. 

weif^lis a.])i)r()ximately 45 to 50 pounds) were; Clieek, 9.8; wettable-sulphur, 
3.d; Fermate, 8.0; and (iopper phospliate-liine-bentonite, 10.5. The sulpbur- 
sprayed trees yielded about oue-tlurd as luueh fruit as tlie other trees. 

Three applications (piuk, ealy.';, and first cover) were made on the test 
plots in 194d. An improved experimental design involving' the use of 3 
replicates of 2-tree plots for eael; treatment was used. The blossom.s were 
counted on each tree and the peiecntage of fruit set didermined from tin' 
miniber of matured pears. Siiriug frost iujui'y ami other unfavorable 
weather eoiulitioiis during- the pollination period eaused an extremely light 
set of fruit. Tlie sulphur-sprayed trees had the lowest percentage of fruit 
set (Table 1), hut the results Avere not statistically sigiiifleant. The actual 
box yields are not available. 

The plots received only 3 applications (pink, calyx, and first cover) in 
J944. Tlie experimental tlesign Avas modified to proA-ide 6 replicates of 
single-tree plots. The blossoms were counted and the percentage of fruit 
set determined, as in 1943, from the number of pears on the trees"at harvest 
time (Table 1). 

The 2.5 to 3.5 per cent fruit set in treatments 1, 3, and 4 produced a rela- 
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tively heavy yield per tree, but the 1.9 per cent fruit set in treatment 2 
(sprayed with sulphur) produeed only a medium crop. The lesser fruit 
set in treatment 2 was statistically significant by odds of 19:1. The average 
yields, in field boxes per tree were: Check, 13.2; wettable-sulphiir, 9.2; Fer- 
mate, 11.4; and copper phosphate 14.4. 

Since the results in 1942, 1943, and 1944 indicated that the use of wet- 
table-sulphur might cause serious reduction in A’ield, an enlarged experiment 
was designed in 1945. In this experiment 12 replicates of single-tree plots 
were distributed at random in a 16-year-old orchard. All the trees in this 
orchard had received uniform care for several years, and they produced a 
uniform and Avell-distributed crop in 1945, indicating tliat the selected site 
Avas ideal for an experiment dealing with fi*uit set. 

Three applications (pink, calyx, and first co\er) Avere made on all 
treated plots in 1945. The blossoms Avere counted on one main leader 
branch of each tree. This branch Avas chosen on the south or southeast side 
of the tree and every effort was made to select uniform limbs. The fruit 
counts Avere made after it was certain further loss ol* fruit w^ould not occur. 

The approximately one-third smaller set of fruit (Table 1) on the ‘^eount 
limbs'’ of trees sprayed with wettable sulpliur, as compared with the trees 
1 ‘eceiving Fermate or lead arsenate only, was statistically significant. The 
set of fF'uit Oil the trees receiA'ing copper phosphate was slightly greater than 
that of the check trees, Avilh odds of 19:1 for significance. The aA^erage 
A'ields, in field boxes, by trees of comparable size in the plots Avere: Check, 
11; Avettable sulphur, 7.7; F(*rmate, 9; and copper phosphate, 10.9. 

Since one tree may form twice as many blossoms as another of equal size, 
iroi* size does not make a true basis for a comparison of yields. The number 
of fruits }>roduced from a given blossom potential provides better evidence 
of tree jirodiictivity. 

Sninmarjf. A significant rediudion in the yield of Anjou pears has been 
demonsti'ated in the Hood River \"alley, Oregon, folloAving the use of AA’et- 
tabh'-sulpliiir spray for pear scab control. Since Avettable sulphur also has 
given ])o()r scab control and caused fruit russet, it appears to be A^ery unde¬ 
sirable as a fungi(‘i(ie for Anjou pears under conditions prevailing in the 
Hood River district. The appearance of fruit, yield, and foliage color have 
all been superior Avhere such substitutes as copper phosiiliate or Fermate 
have been used.—i. R. Ku’.nholz, A.ssociate Patliologist, Division of Fruit 
and V(*getal)le Ci-opsand Diseases, and Leroy Childs, Su|)erintendent, Hood 
River (Ore.) Branch Expt. Station, 



Forms for Bequest and Codicil 

The following forms are suggested for use in making a bequest to the Ameri¬ 
can Phytopathological Society of America or for adding a codicil to a will. 

FORM OP BEQUEST 

I Give and Bequeath the sum of $.to the AMERICAN PHYTO¬ 

PATHOLOGICAL SOCIETY OP AMERICA, a corporation, organized not for 
profit under the laws of the District of Columbia, such sum to be used for the 
general purposes of said organization. 

FORM OF CODICIL 

1. This is a Codicil to the last Will, dated the. 

day of.19., of. 

2. I Give and Bequeath the sum of $.to the AMERICAN 

PHYTOPATHOLOGICAL SOCIETY OF AMERICA, a corporation, organ¬ 
ized not for profit under the laws of the District of Columbia, such sum to be 
used for the general purposes of said organization. 

3. In all other respects I confirm my said Will. 

In Witness, Etc. 
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SEVERAL SPECIES OP PYTHIUM PECULIAR’ IN 
THEIR SEXUAL DEVELOPMENT 

( ' TI A R I. K S I) R E C 11 S L E K ^ 

(A(*e.o|>t(‘d for puhlioation May 28, 1940) 

or tlie 15 wliic'h in lf)30 I briefly deseribed (17) as iieAV species of 

Pythinm 12 lmv(‘ siin'e Ixmmi set forth niore fully throuj^li illustrations and 
supplenientary dis(nission (20, 2R 22, 23, 25). Similar discussion, together 
witli fi<?ures at nia<^nilieations (x 500; x 1000) for tlie most part uniform with 
thost^ of previous papers, is herein supplied for 2 of* the remainiiij^ species. 
P. olif/andrum and P. salpinfjophorinii. As certain of the features cliaractei*- 
istie of these forms can porliaps be better understood if opportunity is af¬ 
forded for ready com])arisoii uith eonj'eiieric speci(*s, attention is devoted 
herein also to tlie mor|)holo<)y and development of P. V(.rans de Jhiry and of 
P. vttdtflalvrn Petersim sfti.sH Dissmann. Ceeasion is takfui besides to 
amplify the earlier ai'connts of my P. anandrnni and my P. periplocum^ 
especially with respect to anta»>onistic relationships and oosiiore jzermination. 

MOmMIOLOtJY AND DEVEI.OPMENT OF PYTHIUM OLKJANDKUM 

PifflnKTu olifirntdrHIII has l)(‘<*n found in a wid(‘ variety of ]>hanero.L»amie 
host jilaiits ov<‘r an (vxtensive ran^e of latitude in the eastivru half of tlie 
United States. Its diaj^nosis was drawn from a culture derived from a 
diseased ])ca (Pisvni salt rum Ij. ) root mainly because in my earliei' experi¬ 
ence I em'onntered the s])ecies in impressive (piantity amon<i’ numerous cul¬ 
tures isolat(*d from nndero-round jiarts of canninj^* yicas atfected with root rot. 
Thus, it was r('(M)i:iiized in more than 20 cultures prepared from separate 
iiidiwidual jilants (collected in the course of a pea-root-rot survey made durinji' 
the unusually cold wti spriin^ of 1924 in Maryland, Delaware, and New 
Jers(\v (14). It was found iire.sent also in more than a dozen cultures iso¬ 
lated sonn‘wha1 later in the same season from softened pea roots sent to me 
by work(‘rs in I’ennsylvania, New York, and Connecticut; and subsequently 
was identified likewise in 4 cultures among a more numerous collection 
coutrilnited by F, R. Jones as l>eing re|)resentative of the fungi found in a 
pea-root'fot sur\'ey ('arried out that y(‘ar in AVisconsin (30). That the 
species is not restriided to i>eas soon became evident from its Imjuent 'ap~ 
pearan(»(‘ among a large assortment of Pf/ihium. cultures obtained in 1924 
from blackened rootlets of sweet-potato (Ipomoca hatalas (L.) Taim.) slips 
takmi by L. L. Harter (27) from large roots planted in hotbeds near Rosslyn, 
Va. Isolation of the fungus from several assortments of decaying bean 
(Phaseolufi vulgaris L.) roots collected near Ponijiano, Fla., in March and 
April, 192fi, gave testimony to its existence in the South. During the ex- 
(‘eptiorially wet period beginning ip the middle of August, 1926, it was iso- 

1 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
TJ. 8. Dept, of Agriculture, Plant Tudustry Station, Beltsville, Md. 
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lated ropeatodly t'rom tornato i J^ficoprrsicon (‘sculoftuin Mill.) roots eollt^cted 
jicar Kosslyn, Va., as Avell as I'roin roots ot* tlio ‘iiant rao:we(‘d { Anihrosia 
trifida L.) and of tlie i)ale touoh-ino-iiot {1 inpaticns palhda Nutt.) ji*atliei*ed 
ill Wasliiiijiton, 1). P. It niado its apiiraraiiro Avitli roiisid(‘ral)K‘ IrtNjueiiey 
aiiion^ tlie fiiiij^i foiiiul devolo])in^‘ in inaiz<*nK*al-aL'ar plates jilanted with 
disi'olorcd sn^ar-beet {Bela rnlt/ayis L.) roots (H>]leet(*d in btdds near East 
Lansing*, Miidi., and near Saginaw, Mi<di., late in June, l!)27. In lb28 it 
Ava^ recognized in cnllnres isolated from discolored sweet-pea { Lalliipus 
odornf'us L.) rootlets originating' fi'oin Lon'i* Island, X. \ and also in a 
cnitnre derived from a candytuft {Ihcris sp.\ rooi I'l’nin Alaiiie. Jb-tore its 
d(*scription in 1J)30 the funj»ns liad been rec(‘iv(‘d from h lorida a second 
time; the second aciicssion comini*' in (*nltnres isolated Iroin diseased tomato 
seedlings, in lt)3b its occurrence in another sontlmrn State Avas made ca i- 
dent throiifili receipt of a cnllnre whiidi accordini: to a letter from A. A. 
Dnnlaj) had been isolated fi'om a diseased Avheat [TrdH'nni mshvian ]j.) 
root j^ath(‘red in tlie Panhandle rej^'ion of Tcevas. 

Very often, as has lieen set forth (‘arlim* (24j, Pjjlffniui olunuidrum is 
encountered in I'oot rot and dam|)in*i:'-olf in association Avitli conj^emndc spe¬ 
cies familiar as causal agents of these diseases; the freipnmcy of such associ¬ 
ation ainl the behavior of the fnniins in dual cnitnre Avith conji'(vneric forms 
^'ivin^i' r(.‘ason to lielii've that the speciis oc('nrs in diseas(‘d roots h‘ss as a 
pi’imary jiarasih* of the various liost plants aftneted tlian as a secondary 
invadiT subsisting' partly on my(*elia of jirimary invaders and partly on 
liost tissues freshly killed b\' tlies«‘ myc(dia. X<‘Aa‘rtheless the species uu^v 
and tlieu occurs under circumstances indicating’ that it may not be wholly 
lacking' in patliogenic'ity to higher plants. Thus, a niindau’ of bean pods 
found affected Avith Avatery decay in a garden m^ar Delaplane, Va., late in 
AngnsI, 1M26, after 2 weeks of rainy Aveatlier, promptly yielded P, o//- 
ijuudrum unacc'ompanied by any otluM* fungus likely to liave eaiis(‘d tin' 
decay. Again, among 64 Piflinum cidtiices deriv(‘d from separate <nicunil)(*r 
{Curumis saiirus ]j.; fruits found affect«‘d Avith Avateiy j-ot in a w(‘t field near 
P>eltsvill(‘, Md., in August, lb38, one cidtuj-e (dearly belonged to P. oli- 
(j(r}i(lrum: 3 of the otli(*rs being identified as P. ultimum Trow, and tin* 
remaining 60 as P. Bullcri Snbr. Tlie disimvery of P. uli(/audrum., nnac- 
conijianied by an\ other liktdy patliogeuic oj*ganism, in a ('Ueiimbm* fruit Avas 
contrary to e.'ipectations as the fungus has nev(‘r Ikmui isolat(*d i‘rom water¬ 
melon {Cilrulivs vul(/(iris Sidrrad.) fruits affected with blossom-end rot, 
lliough Avatermelon fi’iiits arc spontaneously attacked in fhe field by tlie 
cdosely relaled P. arunlliirum and P. pcriplorum, Avhicli usually fail to d('- 
velop in green cucumbers Avhen inoculated by incision. When the cinnnnbei* 
strain of P. oUpaudrum Avas iiKMUilated by incision into Avatermelon fruits 
left attach(‘d on the vine, it cau.sed a. progressivi* brownish decay (Fig. 1, 
A, B) very similar to the natural blossom-end rot due to P. acauihienm. On 
iiioculation into lieallhy gre(ui cucumbers it caused watery dec-ay (Fig. 1, C) 
in most though not in all instances. Several other cultures of P. ollf/audrum 
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wlieii inoi-nlated into waterinolons ^»'ave results 1, ]1) very similar to 

those obtained with tJie eiienmber strain. However, their inoculation into 
ciieuml)(‘rs bronjiht about in Feet ion less frequently, and their rate oF advance 
in tin' iiivnsion of infeet(*d specimens was appreciably slower (Fi^*. 1, E). 
Failure of the species to attack watermelon fruits spontaneously in the field 
would seem attributable mainly to the slow ^-erminalion of its oospores—a 
cliaract<"r plainly adverse^ to ready eslablisliinent of a footliold in the tissues 
of the flower scar (20, p. 383). The cucumber strain ajiparently lias oreater 
eapac'ity for infectinji’ ciicumbei* fruits than most cultures referable to the 
species. Be(*aus(^ of its relatively iinambijiuons patho;L»‘enicity tliis strain 
lias been used in preparing- some of the accompanying- figures; the other 
illustrations oF the species being made mainly from 2 strains isolat<*d from 
sefiarate spei'iimvns of diseased pea. roots col let-ted in June, 1924, near Ham- 
Inirg, X. Y., and near Mount .Mon-is, N. Y., respectively. 

When a random assortment oF separately isolated cultures belonging to 
Pyfhivni olii/andniin are grown under similar conditions side by side the 
ditferences that ('ome to light with r(‘spect to sm/h macroscopic features as 
rapidit>’ of mycelial extension, luster, and ciimulous variegation, are ordi¬ 
narily mort‘ tironouiK'ed than the tlifferences evident in a comparable as¬ 
sortment oF cultures lielonging to P. aeanf/ncani. On maizemeal agar the 
submerged mycelium oF P. nliyandiunK unlike that of P, acantlncvni, is 
From th(‘ stai-t clearly Aisibh* to the naked eye. If the agar contains some 
finely divided maiziuiieal in siispcmsion, aji arachnoid aerial mycelium will 
usually deA'clo]) during tlie fii'st 2 days; and alter 4 oi* 5 or 6 days the 
m(‘dium often turns y(*llowisli and in jdaces may take on a somewhat erustose 
appeai’an('(‘ owing to the maturation of oospons in enormous numbers. 
Undei* micros(‘0]>ical examination tin* mycelium gives tlie general impression 
of being much more delicate than the myceliinn, for exami)le, of P. vJfinnrm 
or oF P. ddnn ifunnin Hesse. The greater delicateness liere is attributable, as 
in P. acanihlvnni and P. jn'rlplocnni, to extensive development of the finer 
ramifit'ations, since the main axial filaments are not markcdlj" narrower than 
in the coarse-looking daniping-otf species. The operation of the delicate 
braiK'hes in eff<‘(ding )>aJ'asiti(' attack on congeneric Forms lias been set forth 
(‘arlier (24, 27)). 

i\s(‘xnal reprodiK-tion may lx* eonveniently l)i*oiiglit about by entting out 
sizable slabs from a tliinly poured Lima-bean-agai* plate cnlture permeated 
witli young myeelinm of llie fnngns, ami transFerring them to a shallow 
layer of sterile Avater in a sterilized P(*tri disli.- At temperatures betAveen 
15 " and 18 " C. tlie irrigatt'd traets oF myeelinm give rise hert* and tliere to 
snbs])herical (enlargements fil](‘d Avith densely grannlar yirotoplasin. These 
enlargements occur in varied relationsliip to tlie parent liyphae. Several 
of them imiA' sometimes be found elustered near the tip of a short branch 

In ordrv tint tlx' water iviM.v spread out thinly xnd not enlleet in tliic*k unmanageable 
pools, th(' floor of .'iUY Petri dish intended to be u.sed for zoosporauginl development or 
for oospore genuimifiou should be freed of all greasy film by scouring it thoroughly with 
an aln-asi\'(* cleanser. 



<->rr 

' t. C. CiM'unbrv fn.it 5 dnys after iaoculati whi. ? n ' ” ':"<-imiber stra 

I). Wat,.n,u.i«u fniit 9 days after iuoeulation w ^T- .daui m V ' 

< K. Ouemnber fn„t 9 days after iaoe„,atio„‘J^r\t„\ir, 





19461 


Driociisleu: Sj^ecies of Pyixiium 


785 


2, A), or ag’airi, may be conipoimded in a linear series wliicdi ^^lieTl 
delimited by cross-walls appears as a lobnlate sporangial unit (Fi". 2, B). 
Often a sporanpiiiim may consist of a single globose enlargement together 
with an adjacent portion of iiypha (P^ig. 2, C, D), or of a eonidium-like 
siibsyxherieal enlargeni(mt alom^ (P^ig. 2, E, a), or of 2 or more globose en- 
lai'gements 1og(dlif‘r with eonjjecting and adjoining liyplial parts (Fig, 2, 
p], b). Soon afler it has been delimited the sporangia! unit (Fig. 2, P'* ) j)uts 
forth an (evacuation tub(‘ fP^ig;. 2, P\ t) wlii( 3 h on iittaining definitive hmgth 
yields at the tii) to permit migration of the ])rotoplasmic conbmts into a 
terminal vesicle (Phg. 2, (1) that often is only faintly dis(M*rnibIe. When its 
migration is completed, the mass of granular material uudei'goes transforma¬ 
tion into laterally bi(*iliat<‘ zoospores after the manner usual in the gmius 
Pjlfkiuni: tlie motih‘ spores (P"ig. 2, 11) being fashioned in the course of 15 
to 25 minutes, and tlimi (‘seai)ing on disintegration of the vesicular film. 

If left undisturbed the moderaicl}^ thic^k Avail of the evacuated sporan¬ 
gium (P^ig. 2, (i-W) retains its shape for some time, as does also the mem- 
brain^ of the evacuation tid)e (Fig. 2, O-W: t). The general make-up of tin' 
empty sporangial unit otb'rs |)aralh‘lism ('speciallv’ with Pythhan acanthi- 
cnuL In instances where the sporangium cojisists of a single globose ])aj*t 
tog(‘ther with a relativ('ly short (w lindri(*al portion of the ])arent liypha, the 
(‘vacuation tube* more ol'ten arises from the cylindri('al ])art (P^ig. 2, P\ (t, I, 
d, L) than frotii the subsp]u*i-i(*al component (Fig. 2, K, M). Similar 
|)rel‘erenc(' is evid(‘ut liki'wise where the swollen comi)onent is bilobed (Fig. 
2, II, P), or wliere the liyplial part is of cousid<‘rab1e volume (P^ig. 2, N), or 
where 2 globosi' ])arts are inclmh'd (Fig. 2, Q-T: a, b). Occasionally 4 
(Fig, 2, V, a d ; V. ad) or 5 (P^ig. 2, W, a--e) subspln'rical enlargements 
are found iniited into s]>orangial units somewdiat more complex than can 
ordiimrily be found in P. acanthicnm; the evacuation tubes of such volumi¬ 
nous units arising sometinu's from an e:\j>aiided part (PTg. 2, U, t) and 
sometiuK's from a hyphal oompoueut (PTig. 2, V-W: t). While the tubes 
put forth by small sporangia (Fig. 2, L, t; M, t) may nn'asnre only about 
15 p in length, those extemh'd fi'oin tin' more massive sporangia may attain 
h'ugths of 200 or 225 (Phg. 2, P, t; T, t). The c'mpty tidies as a rule 
terminate abrujdly a\ ith little apical modification : they rarely Avidem out 
iiun'kedly lu'ar the tij), are usually not lippc'd at tlie mouth, and apparently 
n('V(*r are i^'flcxed. 

Sexual ri'prodmd ion si aids earlier and })roceeds more rapidly in Pyfhiuni 
oligandrum than in most congenei*ic forms. In Tuaizemeal agar ])lat<* cul¬ 
tures kept at tc'mperaturc^s betAveen 25*^ and 20'' C. oogonia oft(‘n begin de¬ 
veloping abundantly Avithin 20 hours after inoculation. Tlnw* arise as 
globose hyphal enlargements in subterminal (Fig. 2, A) or intercalary posi¬ 
tions (Phg. 2, B-D). TIu'ir groAvth is often directed toward one side with 
the result that their attaehiiK'nt ma^^ become more or less lateral (Phg. 3. 
E-I ). During the later stages of expansion the individual oogonium puts 
forth protuberances from all portions of its surface. These protuberancics 
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Fl(J. 2. AsoxumI I'oprodiU'tion in Vyiiiium oligandnirn; drawn to a uniform nmgni- 
tication u -tlv tlic .lid of a caiiiora liu'ida, froni iriigatod Linla-boan agar preparat ions ; all 
parts drawn from the ITainbnrg culture exeept K, L, M, S, and W, wliieh were drawn from 
the Eden (N. Y.) pea root-rot strain; x 500 throughout. A. Globose eiilargeineiit devcd- 
ojiii’g lerjuinally on a hypluvl branch. B-1) ; E, a, b. 8i)orangial units delimited by septa. 
F-IT. Spoi angia showing .sma'CHsive steps in zoospore* production. I--P. Empty sporangia, 
each witli a single expanded component. Q-T. Emi)ty .sporangia, each with 2 subspher- 
ical coinjKiMents, a and b. . U, V. Enpdy sporangia, each witli 4 globose components, a d. 
W; Empty spor:uigium with 5 globose components, a-e. X. Encysted zoos[i(tres, a-1, 
shOAving variations in size and shape, (t, evacuation tube.) 












788 


Phytopattiolcxjy 


[VoL. 36 


nr<* at first of* a roinided, AvartJike corifonnatiou (Piji*. 3, 1), E), but through 
airiral (vlonp'ation tlicy soon ac<iuire an irregularly (‘Ouical, taperin^' shape. 
Al)Out at tlie time the spines are attaiiiiii<»‘ their definitive length, the proto- 
plasinie eonlents ol* the oogonium (diange from a densely granular to a coarse 
iiijn|)y texture (Fig. 3, F). Soon afterwards the oogonium becomes de¬ 
limited by deposition of 1 (Pig. 3, (1, H) or 2 (Fig. 3, I, J) partilions, and 
its contents shrink away fi'om its spiny envelo[)e as the jirotoplasmic lumps 
('omposing them iner(*ase j‘atlier markedly in size. At this stage, wlierever an 
antheridium (Fig. 4, A) or possibly 2 antheridia (Fig. 4, B) ar(‘ prestmt— 
apiVlicalion and development of a male coyrplenumt takes jdace usually 
while the oogonial s|)iMes are being tormed—lertilization is accomplished 
niiich as in the g(merality ot' related s[)eci('s. In any case, whetlier an 
antlK'ridiiim is pi*esent (Fig. 4. F) or not. (Fig. 4, E), the spluvrical proto¬ 
plast soon secretes a thick wall, a homog(‘neous reserve globide gradually 
(M)llects in the center, and the large j)rotoplasmic lum|)s disintegrate to 
rnrnish material for the finely granular j)arietai layer through which plural 
refringent bodi(‘s ot‘ comj)aratively small si/(‘ be(‘oni{‘ distributed. Mani¬ 
festly the oospher(‘ undergoes'e()nversi()n into an oospore of distinctive 
internal struidnre e(jually well by |)arthenogenesis (Fig. 4, F, G; Fig, n. A, 
a, b; B-1) as after fertilization ( Fig. 4, D). 

The i)revalence of parthenogenesis in VijUiimn oligaifdruni varies eon- 
sideral)1y among dillVr(‘n1 strains of tlie sp(^ei(‘S, and is, besides, sub.ject to 
great variation from environmental causes. In the original diagnosis it was 
indicated that apirroximately 4 out of 5 oogonia dev(4bj)ed parthenogeneti- 
(',ally—this being the proportion most usually found wlnai the strain used as 
type (one isolated from a discolored pea rootlet gathered jiear Eden, N. Y., 
in June, 1924) was grown on mai/emeal agar ai 24^’ C. I’luh'r like cojidi- 
tions tlie generally a cry similar Hamburg pea-root-rot strain ( Fig. 3. 4, 5) 
shows Aortually the same proj)ortion of j)arthenogenetie ri'productive ap¬ 
paratus. In the Belt.svilie ciicnmb(‘r-rot strain antheridia are eoirimonly ])ro- 
duced 2 or 3 times moi*e abundantly (Fig. 6, A. B, C; Fig. 7, AD), and as 
a. result parthcmogenesis oeenrs tlim-e in corr(‘S])ondingly lesser measure 
(Fig. 6, D K). Oji tlie otht‘r band, in tlie Mount Morris pea-root-rot strain 
15 or 20 oogonia may oftcsi be found developing ]>artlienogenetiea[ly (Fig. 
8, A, B, D- Q) to ( vt‘ry oogonium supplied witli an antlieiddium ( Fig. 7, E ; 
Fig. 8, (^). A striking ilhisij’ation of variability from (*nvironmental causes 
Avas onee provided by ilie jMoniit Morris strain Avli('n oeeasioii Avas taken to 
compare a maizemeal-agar ])lat«‘ <'nlture grown in the laboratory at abinit 
27° (k, Avith an irrigatt‘d I am a bean-a gar jireparation stored in a refrigera¬ 
tor at 18" C. Tn the foi*juer sttareely one oogonium in a, liundred was I'onnd 
supplied with an antlieividiuni; Avhereas in the latter every oogonium Avas 
supplied with at least one anilu'ridinm, and many Avei*e supplied witli Iavo. 

Whether forimxl in some ahundaiiee (Fig. 4, AD; Fig. 6, A-C) or in 
relatively meager nmnher (Fig. 8, C^) the antheridia are mostly borne 
terminally on branelies arising from a fllanumt liaving no close inyeelial 
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c()ini(*cti()n with tJie hy|)lial ek^jiient beariiij^ the However, with 

some seareli in aj’ai* eiiltures rather soon after s(*xual re})rodnetioii ]ias 
bejz'un, and before too many liiameiits ajid l)i*aiieJies liave faded from \'iew, 
iiistanees (-aji usually l>e found whei’e the mycelial eonneetioii between 
aiitheridiiim and ()o<>oniiim can be traced witli certainty. The unit of sexual 
a|)[)aratus shown in ti<‘iire 7, A, where tiie (rombined hmgth of oojj^onial 
brancdi (Fi^‘. 7, A, a), antheridial Imuieh (Fiji*. 7, A, b), and intervening 
hy])lial elements is ap])roximately 225 }i. may be taken as illustrating; an 
unusually close juyeeiial <'onne('tion; thoujzh an (*ven ('los(‘r eonnecd ion, 
wher(‘ th(‘ total lem^th of the communieatin^- elements is only about 125 p, 
is shown in fijiiire 7, 11 In most instances Avhei-e a myc'clial connection })e- 
tween 1}i(‘ eonju^iatinii- oruans (ain be kdlowed successfully amid the con¬ 
fusion of hy])hae, the aj^^rej^ate length of the communh'atin^- parts vari(*s 
from 250 to (iOO n (Fi^-. 7, (V-E). 

As might be exi)(H'ted in view of tlieir usually somewhat extensive appli¬ 
cation to oogonia rathei' (dosely l)(‘s(‘t with spines, th(‘ antheridia of Pifihinth 
()li</<ni(lrmn vary consid(‘ral)ly in size and shape. Some of tlie smaller 
s])e(um(‘ns, (-oiisisting merely of a slightly crook-iieck(Hl inflated t(‘rmiual 
sogment (Fig. 4, A), are not gr(*atly ditfm-ent from the sessile monoclinous 
antheridia familiar in I\ uUimum. More often, liowever, the delimiting 
s<4)tum is laid down some distance backward from the expanded tip, so that 
the ]nale cell comes to include a tid)nlar portion tapering gradually toward 
thr has(‘ (J^hg. 4, F, I); Fig. b, A. Jt). Frecpumtly. owing to terminal branch¬ 
ing or t(» local (M)iistriction, aji antheridium may be distinctly lobate (Fig. 
7. A. D). AYhere I’amitication of tlu‘ antheridial hy|>ii.-j has led to the foi’ma- 
tion of 2 fairly massive l)ran(4i(*s, cross-Avalls may b(‘ laid down to delimit 
ea(4i as a separate antheridinm (Fig. 4, l>, I); Fig. (i, C). 

Th(‘ prodiK'tion of t(‘rminal branch anilieritlia by Pifihinm alignndruhi 
might j)erhaps l)e held to distinguish tliis species ad(*«piateiy from /*. 
artolrogns, in whi(4i acM'ording to de Ihiry's (4, 4) original descriptive state- 
numts f(u*tilization was seen to l)e accomj>lished by an antheridium consisting 
always of a hy|)ha] segimmt adjacent to the oogonium. However, since in 
many ('iiltiires of m\- fungus branch antheridia are oft(‘n only sparingly 
in’oduced, and inde(*d are sometimes ali.nost Avliolly lacking, tlie absenc(‘ of 
such (‘asily rec'Ognized male cells in d(‘ Bary's material could hardly be con¬ 
sidered a fully de(n‘siv(* distinguishing featni’c sliould P. aJignvflrnni be 
found to produce adjacent cylindrical anth(‘ridia as well as bi*an<di anther¬ 
idia. ]\Iuch rnatcnvial was examined, therefore, to d(‘termine whether in *i]i(‘ 
sp(‘cies oogonia not supplied with branch antheridia develop |)arthenogeneti- 
cally or at times, if not always, are fertilized by an adjatamt male segment. 
Fertilization of tlie oogonium hy passage of protoplasmic matcuvials through 
the partition delimiting it at the proximal end should l)(‘ especially sid)j(‘et 
to obsei-vation, for as a rule this partition is not an ordinary membranous 
cross-wall but a massive i>lug, usually 4 to 10 p long, composed of a gelati¬ 
nous substance (Fig. 4, 01; Fig. 4, A-H; Fig. 5, A, C, E; Fig. (i, A-C, I; 




J IG, 6 . Sexual repruductive ji])paratus of PyUiium oliQandriim (Beltsvullc ciuMinibrr 
strain); drawn from rriaizoincal-agar plate cuUures with the aid of a camera hudda; 
X 1000 tl'TOuglioiit. A~TT. Eight well-developed oogonia, each delimited proximallv by a 
plug; two (A, B) being supplied with 1 antheridium, one (C) with 2 antheridia, the others 
(il—H) lacking antheridia; in A the contents are still granular, in (/ the lumjiy oospliere 
ha.s contracted, in B and D the oospore wall is being deposited, in E-IT the partlumospore 
IS fully mature, 1. Bmall intercalary oogonium with mature parthenospore showing only 
2 refringent bodies, d. Very small terminal oogonium with a small parthenospore of 
unitary internal make-up. K. Oogonium whose envelope surrounds an oospore w^all that 
encloses a very small secondary oogonium wherein is contained a mature parthenospore 
of unitary organization. . 
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Fi^, 7, A D; 8, A, C, E) apparently similar to the substanee seci'eted 
where hyphae are ent or woinided. Tliis phia: remains intact not only during 
the period in wliieh fertilization might take place, but for many days after 
the oospore is fully mature, until eventually it undergoes gradual shrinkage 
and alveolar disintegration (Fig. 5, B, F, H, I; Fig. fi, II ; Fig. 8, D). When 
2 oogonia are formed adjacent to each other (Fig. 5, A, a, h) the proximal 
one (Fig. 5, A, a) is commonly bounded by a plug on each side; and oc¬ 
casionally a solitary oogonium (Fig. 8, A, F) is likewise delimited by plugs 
both proximally and distally. As passage of protoplasmic material tliroiigh 
a plug never lias (‘ome under observation, it can hardly be doubted that 
developiuent of intercalary oogonia bounded by plugs at both ends and of 
le]*minal oogonia bounded pi’oximally by a plug (Fig. 3, G, H; Fig. 4, C, II; 
Fig. 5, C, D; Fig. 6, D) must be parthenogenetic wherever a branch 
antheridium is lacking. 

The commoni)lac(' membranous cross-walls usually delimiting inter- 
(/alary oogonia at the distal end—sindi cross-walls are found bounding at both 
(MhIs some intercalary oogonia (Fig. 5, G; Fig. 8, G) presumably formed 
aftiu* tile myc^eliiim had become too largely exliaust(‘d for the isolated living 
remnants to retain much polarity—offer greater difficulty in determining 
preseiu'C oj* abseiu'e of fertilization like' that ascrilied to Pythnmi artofrogiis. 
Sinci' in that sj)e(Mes d{‘ P>ary could see the eni|)ty fertilization tube only in 
favorable instaneivs, it may be inferred that in most units of mature sexual 
a.|)paratus the autheridial character of an adjacent liyjihal segment was 
e\’ideuced only by an aperture in the delimiting se[)tum. Such an aperture, 
if present in P. olujiniilrum, would almost certainly be obscured beyond all 
]'(‘C()gnition in tlu^ many instaiU'es where several oogonial spinc's are found 
proj(*cting out in fiositious directly above and below the septum. Fortu¬ 
nately, in my fungus the distal delimiting wall is frequently placed well 
beyond the tij)s of all distally projecting s])in(‘s, and thus can often be 
s('i‘utinized to good efl'ect. Yet in no instaiUH' has any likely aperture beeji 
dis(-ov(‘red, nor has any tubular or funnel-shaped modification been seen that 
(*ould be lield to liave derived from autheridial activity. Furthermore, 
oogonia Avitli filamentous hyphal prolongations, often 25 to 50 q long (Fig. 
5, I), G, I; Fig. 8, D). Avere often taken under observation, especially during 
the contraidioii of the protoplast, to determine whether an antheridium 
might then be present, contributing its contents after com])lete dissolution 
of a temporarA' luirtition, 8o far no good evidence of such broad conjuga¬ 
tion has been uncovered. Gonserjueiitly the vicAV that adjacent antheridia 
ar*e Avholly absent in P. oligandrum, and that Avherever an oogonium is not 
supplied Avith a branch antlieridiiim its development takes place ])artheno- 
genetically—a view incorporated into the diagnosis of the species—still 
seems well justified. 

However the portion of tlie diagnosis setting forth tlie refringent body 
in the oospore as often not clearly in evidence, when visible often sub- 
spherical 3 to 4.5 [\ in diameterhas required emendation (26). The un- 
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Fi<J. /. S«!XLiaI JvprodiK'tivo aj)|)aratius of ryihium oliyandnnn Hhovviiij? iiiycrlial 
C(>nii(‘(?tioii betwoon oogoiiium and nnthorjdhmi; drawn from plate (•ultures 

at a. u‘;iform magnification witli the aid of a camera lucida.; > .lOO tlirougliout. A, 15. 
I'iiilH of sexual apparatus of the Beltsville cucumber strain, showing iinusualJy close 
mycelial connection of the paired organs. C, J). Hjiits of sexual apparatus of the Ikdts- 
vilh; cucnrnber strain, showing tlie rather remote mycelial connection more usually found ; 
in 0 an additional antheridium is evidently being supplied by a branch, e, from a neigh 
boring hypha. E. l"nit of sexual apparatus from Mount Morris (N. Y.) ]ma-root lOt 
strain; oogonium full grown but not yet delimited from supporting branch; showing the 
rather remote mycelial connection usually found, (a, oogonial branch; b, antberidial 
branch.) 
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happy ])hrasin|j: of the passage cited came from perplexity as to Avluit eoii- 
stitiited correct iutcriial orj 4 anization in oospores of the species; the 
rerrin^cnt bodies here beiiiji^ not especially hard to see, but assuredly difficult 
to recoii'uize iu their true character if the observer is strongly expectant of 
tlie unitary oi*ganizatioii common to most pythiaceous fungi, including tlie 
very intimately related Fythitim acanthictini and P. periplocum. At the 
early stage in development of the oospore, when in most congeneric forms 
the single refringent body first l)e«*omes visible among the protoplasmic 
lumps surrounding it, P. oliyandnan likewise often shows only one siu'li 
body. Indeed, sometimes in rather small oosj)ores (Fig. 4, 11) only a single 
refringent body may be j)resent in tlie somewliat later stage when the 
pr()to])lasmic lumps have begun to sJmw Ihe minute concentric and radial 
tissuriiig Avhereby tJiey become resolved into minute granules (Fig. 4, E, b) ; 
thougij iu most cases 2 to 4 of these cellular components are then rinealed 
(Fig. 4, E, C). As maturation jU'oceeds the refringent bodies increase to 
their dofinilive number, wliich for oospores of usual dimensions, formed at 
temperatures between 25'^ and 80'^ varies commonly from 4 to 15 (Fig. 
4, 1), F, (I: Fig. 5, A 1; Fig. 0, EG; Fig. 8, D-P'’). In some exceptionally 
larg(^ oosjiores (P^ig. fi, IT) as many as 25, 2(), or 27 refringent bodies liave 
been eounted, wirile some decidedly small specimens (Ph'g. 6, I; Fig. 8, G, H) 
have slM>Avn only two. After diligent search very small oospores liave even 
lieeii found that at maturity eontaiiied only a single refringent body and tbns 
displayed tlu^ unitary organization familiar in related fungi. These minute 
spores, only about 10 g in diameter, Avere apparently formed late from small 
isolated remnants <d‘ living inyeelinm (F^ig. 6, J), or occasionally avciv pro- 
dnc('d in a scc'ondary sporangium Avithin primary reproductive apj)aratns 
Avliose contents fru* the most part liad sntfered degeneration (Fig. (>, K). 

Altliough tlie mnltiplieation of the refringent bodies entails rediudion 
of their diameter to about 2 or 2.5 they remain rather cous])i(*nons in the 
fiin*Jy granular [larietal layer of the mature spore. Once the innisiial as¬ 
sociation of jiliirai nd'ringent bodies Avitli a single reserve globule has heeonie 
familiar as a distinctive feature of the s|)eci(*s, Pythiiim olifiamlruni ean be 
recognized solely by its I'esting oosj)or(‘s; its identification then being pos¬ 
sible <*v(‘n in old isolation ('ultures, heavily contaminated Avith bacteria, 
Avhei'c all iiiembranons A'estiges of liypJiae, antheridia, and spiny oogonia 
have long disajifieared from view. Although old oosjiores of congeneric* 
forms often shoAv mnlti])l(‘ splierieal vaeuoles in the jiarietal laym*, these 
A^aeiioles can nsnaliy he distinguished from the jilnral refringent liodies of 
P. oJifidndnnu i)y their larger and freipicntly more variable size, lairgi'r 
size likeAvise pertains to the 2, 8, or 4 refringent bodies found in oospor(‘s of 
some congenerie spec-ies after their nnitary structure lias undergone modifi¬ 
cation tliroiigh jirolonged aging. The multiplication of i*efringent bodies in 
P. oJIfKnidruni eannot similarly be ascribed to after-ripening, as it is nsnaliy 
accomplislied in maizemeal-agar tJironghout the ex]>anse of a Petri-plate 
culture 1(10 inm. in diameter Avithiii 5 or 6 days after inoculation—at a time 
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^vlu^n in parallel cultures P. ultimtim and P. (h haryanum have often not 
yet bej^un to produce sexual ax>paratus. 

Amonj? the oo^onia that in addition to a snbspherical spiny part include 
a rather extensive filamentous prolonfration at one end or at botli ends, some 
fail to collect their contents wholly within the subsj)herical part; so that the 
oospores will bear a project ion, often more or less cylindrical, at one or at 
both jjoles (Fi?4’. 5, I). Pnder eei-tain conditions ol* development many 
oof^onia may be formed eonsistiiif^ of a relatively small globose ])art together 
with much more voluminous prolon<»ations, which sometimes arc* smooth 
(Fiji. 8, T, fj) and sometimes are elaborately beset with spiny protuberances 
(Pijr. 8, K). Such raiij^y ooji'onia commonly produce an elonjiated oos|)ore 
whose irregularly cylindrical shape is modified by a bulbous enlargement 
(Fig. 8, T; J, a; K, a), and frecpiently, in addition, give rise to a second 
cylindrical oospore having no bulbous modification (Fig*. 8, J, b; K, b). 
Occasionally hy})hal segments, wholly devoid of outward difi'erentiation, 
function as oogonia in giving rise endogenously to elongated eylindrical 
oospor(*s (i^h'g. 8, L-Q), or in <‘\treme instances to filamentous oospores 100 
to 300 p long and 3 to 4 p wide. The reserve material in cylindrical and 
filamentous oospores is divided among a variable number of globules which 
like the i)lural refringvnt bodies an‘ arranged iongitiidinally at moderate 
int(‘rvais (Fig. 8,1-P). Obviously the organization here imposed by spatial 
necessities is not ecpial in descriptive merit to th<‘ imiltiplicate organization 
characteristic of the ordinary subs])herical oospor(\s ol: my Pj/lhmni kelicoidcs 
ami its close allies. Some cylindrical oos|)ores i*(*vcal plural reserve globules 
and a single reiringent body (Pig. 8, K, b; Q). thus'reversing the normal 
numerical relationslrip ol' these cellular components. 

The inetrical data given in the original diagnosis relative to size of 
oogonium and oospore were based on 200 nK‘asurenients of tlie Eden pea- 
root-rot strain grown in maizeim‘al-agar ]>Iate cnlinres under tbe saim* con¬ 
ditions as tbe cnltures of Pyfhhnn acaiithicutn and utilized 

for measurements previously reported (20, p. 402, 406). The 200 oogonia 
chosen at random gave* values for diameter, cxj)rcss(Ml in the nearest integral 


number of microns, distributable as follows: 17 p, 2; 19 p, 2; 20 p, 1 ; 21 [p 1 ; 
22 p, 3; 23 p, 8; 24 p, 23; 25 p, 27; 26 p, 31; 27 p, 36; 28 p, 31; 29 p, 14; 
30 p, 11; 31 p, 5; 32 p, 2; 33 p, 2; 35 p, 1, And the oos])ores, all of eori*e(d in¬ 
ternal organization, that wen» contained in these oogonia,-gave valu(‘s for di¬ 


ameter distributed as follows: 15 p, 2; 17 p, 2; 18 p, 1; 19 p, 2; 20 p, 8; 21 p, 
24; 22 p, 33; 23 p, 44; 24 p, 36; 25 p,22;26 p,15;27 p, 6; 28 p, 3; 29 p, 1; 30 p, 
1. A\hilo the 3 eloseiy related eehinulate species are thus rather similal* in 
their main diHiensions, the generally smaller size of P. (icAinthicum is nearly 
always directly recognizable when microscopical comparison is made between 
representative cnltures grown under similar conditions or between assort¬ 


ments oi such cultures. In such comparison P. peviplocuyn is not found con¬ 
sistently smaller than P. ohgandrnmy since its oogonia and oospores are 
Virtually of the same size as those of numerous strains of the latter species, 
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incliKlino*, for example, the Mount Morris strain. Nevertheless, owing to 
the larger dimensions of many other of its strains, such as the Hamburg pea- 
root-rot strain and tlie Beltsville cuenmber-rot strain, P. oUgandrum may 
rightly be considered the somewhat more robust sj)eeies. Its oogouial pro¬ 
tuberances (Fig. 5, J, a-e), on the whole, appear longer, more irregularly 
contoured, more pronouneedly tapered, and more numerous than those of 
P. acanihimni and P. pcriplocum. 

Under natural conditions oospores of tlie soil-inhabiting Pythiaceae 
presumably germinate for the most part in water containing no nutrient 
materials either in solution or in suspension. When bathed in sterilized 
distilled water newly matured oospores of P^thmni oligandru give no sign 
of germination. Al'ter resting foi’ 40 or nO days a small ]n*oportion of 
oospores will usually germinate when immersed in a shallow layer of water. 
Practically all oospores in maizemeal-agar culture become capable of germi¬ 
nation after aging for 150 to 200 days. Onset of germinative development 
is manifested by change of the reserve globnh' from a spheri('al to an irregu¬ 
lar sliape. The refringeiit bodies gradually become less distinctly visible, 
while at the same* time radial markings appear in the oosi)ore wall, or 
rattier in the somewliat darker inner layer making up about two-tliirds of 
the thickness of this wall (Fig. 9, A). Soon tlu^ refringent bodies are wholly 
lost to view, and the radially striate darkish layer merges indistingnishably 
with the granular jirotoplasmic mass, which thereby (*omes to extend to tin' 
])ersistent thin (dear outer hiy(*r of the oospore wall (Fig, 9, B). The 
si)herical cell, now thin-Avalled, buds forth a j)rotnision tliat on i)enetrating 
the oogouial eiivelope continues growth outside as a gman hypha (Fig. 9, B, 
t; C, t). On abrupt yielding of the liyphal tip (Fig. 9, I), t) the proto- 
})lasmie contfuits flow into a terminal vi^sicle to be fashioned into laterally 
bieiliate zoospores; the number of tlu* spores produced var\'ing usually from 
5 to 15. The empty evacuation lube here commonly ranges from 10 to 50 n 
in hmgth, and from 3 to 4.5 n in greatest width (Fig. 9, E-L: t). In most 
instanc(\s it terminates abruptly witlmut distal modification, though oc¬ 
casionally its mouth is minutely lipped (^Fig. 9, I), t; I, t). Most Irecpiently 
the evacuaiioji tube is found coming out directly from the sjiherical envelope 
of the oogonium, yet now and then it erujits from a filaimmtous prolongation 
(Fig. 9, li, t). Wh(u*ev('r germ hyphae attain lengths much in excess of 50 |i 
without functioning as exacuation tidies, and fiegiu to ramify (Fig. 9, M), 
zoosporangial reproduction has obviously been abandoiUHl in favor of 
mycelial growth. Jnstances of such abaiuhrnment are not freijueiit if the 
Avater layer is shallow and is let! undisturbed; so that in carefully managed 
prejiaraticms Avell al ter-ri])ened oospores ivill begin to liberate zoos})or(‘s 
Avithin 4 hours, and tor about (j or 8 hours longer will continue t>^educing 
additional motile spores to provide often a far livelier display of active 
swarmers tiuin can be obtained by irrigation of young mycelium. After a 
period of motility the zoospores round up (Fig. 9, N-X) mucli like those 
(Fig. 2, X,‘a-1) produced from sporangia of asexual origin. Later, as a 
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Fio. 9. OonniriMtion of oospoics jirid pnrtlioiiospores of Fi/thium oligandrttm (Hain* 
biirg poa-root-rot strain) from niaizeineal-agar plate cultures 0 niontlis old; drawn with 
the aid of a camera lucida; xlOOO throughout. A-D. Oospores showing, respectively, 
(A) assimilation of thick inner layer of wall by protoplast, (B, C) extension of germ 
hypha, (I)) individualization of zoospores in a vesicle formed terminally on the germ 
hypha. E-L. Empty membranous enveloxies left after escape of swarmers from vesicle. 
M. Oosi:)ore germinating by production of a branching mycelial hypha. N-X. Encyetecl 
zoospores. Y, Z. Empty cyst ein elopes after escape of a secondary zoospore from each, 
(t, evacuation tube.) 
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rule, they veoetatively, though some few individuals usually 

develop iteratively, each diseharging its contents through an evacuation 
tube (Fig. iK Y, Z), 2 to o long and 2.5 wide, for (•oiiversiou into a 
s(*condary laterally biciliate zoospore. The behavior of the fungus in the 
laboratory suggests that in nature it produces zoospores more abundantly 
from its germinating ()osj)ores and parthenospores than from zoosporangia 
formed by its mycelium. 

Aside from the eastern United States, whei*e my material of Pythinm 
ollyandriim originated, the species has been r(‘corded from several other 
regions. Nattrass (*16) in 1937 reported having isolated it 2 years earlier 
in ('Cyprus from immature fruits of Frunns a^tyydalus Batsch. Wager (42), 
wlio in 1931 cited ^^Fifihium sp. cf. P. artotroyus (Mont.)- de Bary^’ as 
Inning been found associated with wilting of a Sliirhw poppy {Papaver 
rhoms L.) and of a snapdragon (A'riHrrhhmm majus 1j.) in South Africa, 
subsequently (43) r(d‘er*red the fungus to P. oliyandvinn, at the same time 
making known tliat it had further been isolated in Soutli Africa from wilting 
plants of marrow ((■Hcyrhifa pcpo L.) and of cabbage (lirassica oJcntevn 
Ji. vai'. capitnfa L.). For the most part tlie descriptive particulars given by 
Wager agriM* with the iiiorphology revealed in my cultures; ytd it may be 
noted that om* of his drawings (43: fig. 9, a) wherein an oogonium is shown 
fertilized by an antheridium borne terminally on a brancli, about 37 p long, 
arising from the oogojiial stalk oidy about 7 [i from the female organ, pitd iires 
a (doser mycelial connection beiw<‘en conjugating sex eleimmts than lias 
ever come under my observation in material of the species. The oogonial 
spines shown by Wag(‘i* seem somewhat too shari)ly pointed at tlu^ ti}), 
though they are otherwise' of sha])e and stature usual in my cultures. Very 
sharply |>ointed spines are also shown in a figure of P. oliyandrHin I’ecjuitly 
published by Uhesters and Hickman (12). A\ho in Englaml s(‘veral y(*ars 
earlier (11) isolated from diseased roots of a cultivated violet ( Viola ) 
some cultures held refei*able to the speei(*s. These authors depict an andro¬ 
gynous ant heridium (12: fig. 3, D) that apparently lias its origin (‘ven closer 
to the oogonium than the androgynous antheridium figured by Wager. No 
commmil is made by Wager or by Uhestei*s and Hickman ('oncerning tin* 
presence of refringeui bodies in the mature oospore, nor are such com¬ 
ponents recognizable in their illustrations. Middleton (34, p. 114, 11 5). who 
reported having found tlie species on the carrot {Daucus carota Tj.), the 
(Jliristmas flower {Euphorbia pulidierrm^ Willd.), needlegrass {Stipa sp.), 
and wheat {Trificum aisfivum \j.) in the United States, described the 
oospore as containing a single reserve globule and refringent body. ’ 

During se\'eral deead(*s jireceding its description Pylhium oliyandrnm 
could hardly have failed being encountered from time to time liy investi¬ 
gators dealing with root rot and damping-off of the higher plants. It may 
be presumed that tlie usual disposition of the fungus in this earlier period 
is correctly suggested in Butler's report (42, p. 39) on the identity of the 
cultures isolated by Wager from snapdragon and Shirley poppy. Although 
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Butler failed to make out antheridia in tlie«e eultures and did not discover 
any evidence of hypofiynal male cells such as he (10, p. 100) like de Bary 
(3, 4) before him liad ascribed to P. ariotrocjuUy and though lie thought the 
(*rdtures alien to the fungus he liad figured in his monograph as well as to 
the fungus to which d(j Bary had originally applied tlie epithet, he neverthe¬ 
less referred them '‘for the present in the colleetive species ario1ro(/rts/' 
That the species artotroyus had in its a])plicatioii acquired a strongly col¬ 
lective character seems fairly (*ertain. Most ol‘ the reports on its (x^currenee 
give little suggestion that details relating to antheridial morphology had 
received appro])riate attention when the determinations were made; agree¬ 
ment with res])ect to siz(‘ of oogonium, presence of oogonial protubcraiKies, 
and size of oos])ore Ixuiig apparently deemed sufficient to establish identity 
as long as no other species embodying somewhat similar featur(*s had been 
descrilied in the genus. If in ac'cordance with usage so broad, P. acanthicum 
and P. pci lplocuin should, like P. oliyandrum^ have happened to be recorded 
under tlie binomial P. artofroyHs, the error would have concerned species 
that ]n*esumably are intimately related to the one with wdiich they were con- 
fused—all being distinguished by caiiacity for attacking congeneric forms, 
and l)y the tapering shaj)e ol* tlu‘ir oogonial protuberances. Much wider of 
the mark would havt* be(ui the almost e(|uaJly probable application of de 
Bary^s binomial to P. spinositni Saw. (‘19) and P. mamillai Meurs (83), 
which through their more typically digitate oogonial jirotuberanees, their 
rather copious production of aerial m>'(*elium, and their inability to para¬ 
sitize ('ongeneric Forms, are at once (‘straug(‘d from the oiiycmdrum series 
and brought into alignment with the familiar damping-otf pathogens P. 
irreyulare Buism. (9), P. dedHiryanuniy and P. tdilmum. 

Siru'C several species of Pythium with spiny oogonia mostly 18 to 27 p in 
diameter are now known to exist it can no longer be considered wholly 
certain that the fungus found by de Bary in dead tissues of herbaceous j)lant 
parts and described by him juainly fr<mi cress-seedling {Lepid/ium sativum 
L.) cidturt's as P, artotroyus Avas the same as the fungus which produced in 
a sprouted potato tuber tlie pronouncedly echinulate reproductive bodies 
Avhereon Montague (5, 0, do) more than 31) years ea)*lier had based tht‘ 
geiuu'ic and specific cliaraeterizatious of Artotroyus hydnosporus. Accord¬ 
ingly, disagreement Avith de Bary’s description can no longer be held neces¬ 
sarily to imply separateness from Montague’s species. The spines figured by 
Mont ague (b: fig. 29) seiun in uch narroAver, more acutely pointed and more 
thickly crowded than any oogonial protuberances I haAX» evei’ observiMl in 
cultures of Pythium; though in such particulars allowance must be made for 
Avide differences in habits of draughtsmanship. bViilure to rnmition or to 
depict antheridia might perliaps be held especially suggestive either of the 
consistently parthenogenetic P. anandnim Drechsl. (17, 20) or of the fre¬ 
quently t)arthenogeneti(* P. oliyandrum; but the oogonia of these 2 species 
rather markedly exceed in diameter the 1/50 mm. indicated for this dimen¬ 
sion by Montague. Actually Montague’s fungus might have been a Form 
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well supplied with antheridia; for if the iiiale elements of P. acanlhicnm and 
P. periplocum, for example, soon become indiscernible even in a traiis|)arent 
substratiirn and under a very jiood modern microscope witli ex(M^]Jent il¬ 
lumination, it seems at least probable that similarly evanescent elements 
could have remained undetected in more or less opa(iue potato tissue under 
a microscope of the sort used a century ajxo. In view of the attendin<»‘ 
difficulties it is not surprisinj*’ that de Bary (4, p. 576), who later examined 
authentic maPTial of A. hydnosporus in a dry permanont mount, was not 
able to^.dve much further information with respect to the mycelial relation¬ 
ships and possible antheridial supply of Montaf»ne\s spiny bodies. Al- 
thoufih de Bary held as umjuestionably id^^ntical with these spiny bodies 
some echinulate structures which he had found in potato (Solanum inhcr- 
osnm Ti.) tubers alTected with the late bli«:lit fiinj^us, Phytophthora iiifesfans 
(Mont.) de Bary, and which lie subsequentlj’ (4, p. 576) reeoi^nized as 
ooi^onia of his P, artoirogus containin.!;: oospores in mature or maturing’ 
condition, it is worthy of note that one (2, fip*. 1) of his three early li«>*ures 
iliustratinji: the echinulate structures seems to show 4 cellular i*omponents 
corresponding^ remarkably well in size to the plural refrinjzent bodits of P. 
oUgandrum while another figure (2, fig. 3) seems to sliow 2 such c*o]ii|)ouents. 
Possil)ly the comment (4, p. 576) in his definitive account of P. ((rfrdrogns 
to the effect that his earlier description had not adequately set 1‘orth the 
constitution of the oospore contents may ha\'(‘ been intended to disparage 
the accuracy of these figures in showing plurally the cellular componenls 
under discussion, lie stated (4, p. 624) at all events that at full maturity 
the condition of the oospore in P. artoirogus was like the condition illus¬ 
trated in a ripe oospore of his P. megalacanihum, or in a ripe oosi)or(' of his 
P. prolifarum —botli revealing unmistakably a single refringent body in lie* 
parietal lajn^r surrounding the single reserve globule, [jikewise in aiiol]]er 
treatise (3, p. 61), devoted more especially to sexual rejiroduetioii in the 
oomyeetes, he inclnded all s|)ecies of Pyihlum therein described by him - and 
P. artoirogus was one of these species—among representatives oi' Narions 
genera whose ripe oospoi-e he found to contain a single “heller Pleelv” (re¬ 
fringent body) in tiie parietal granular layer surrounding the “Pettkiigel” 
(reserve globule). AYhiie th(‘S(‘ statements by de Bary must he iield to 
establish unitary organization of tlie oospore as a s|)eeifi(* eharaeter of P. 
artoirogus, his curious failure to supply in liis two later ]>uhlications any 
figure showing unitary organization in a ripe oosjiore of the sp(*eies invites 
speenlation whethec some difficulty may not have intervened sueli as could 
have been occasioned by intrusion now and then of mat(vidal ref(‘rable to 
P. o/i(r/a?/anim. Although Butler (10, p. 100-101) gave little attention to 
internal organization of oospores, his characterization of the antljeridia in 
P. artoirogus as being “always hypogynal,^' together with his first-hand 
delineation of eonsistently hypogynal antheridia ])resMmably from material 
of a spiny form he found in Calcutta in decaying potato tubers affected with 
Phytophthora infestans, would seem to provide the only record rathei' un- 
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aiiibigiioiisly fortli an association of t)ie host relationship of A. 

hydHosparns witli tlie antlieridial morphology characteristic of P. artotrogus. 
IndeiMl, Ihitler’s account would seem to provide also about tlie only first¬ 
hand rfM'ord, apart from de Bary’s description of P. artoirogus, wherein 
s]>iny oogonia are set 1‘orth as being fertilized exclusively by hypogynal 
anthcfidia. In recent times, however, Matthews (32, p. 101-104) described 
as P, (idnnidatum a fungus with spiny oogoiiia usually fertilized b.y liy- 
pogynal anth(‘ridia, rarely by branch antheridia. Though h(‘ld to be similar 
to P. artofrogus in geiuu’al appearance and in size of oogonia and oospores- - 
tlie oospores individually containing a single refringent body—the fungus 
was separated from that species because it jiroduced numerous conidia and 
zoosporangia. From the description given of tliem, these conidia and 
s])orangia r(‘s(*nd)le rather elo.sely the liomologons reproductive bodies of P. 
(I( hdryannni as well as the conidia of P. nltimum, which species de Bary 
tn idently included under the one named in his honor. Tlie resemblance 
s(‘enis of some moment, since in all of de Bary’s (*ress-seedling cultures P. 
oriotrofjHs never occurred except in admixture with P. deharyaiitun; the 
sjiiny foj'm, according to his account, appearing tai*dily in somewhat meag(‘r 
quantilN’ after the smootli damping-otf jiarasite had prodiK'.ed a fairly 
luxuriant mycelium and numerous reproductive bodies, linder these cir- 
cumslaiKM's should the sjiiny fungus have produced asexual re|)roductive 
bodies indistinguishabh‘ from those of P. in this connec¬ 

tion th(* difficulty of distinguisldng generally similar bodies wlien .seen only 
in mixtnr(‘, together with tin* inferior cajiabilities of the microscopes in use 
()') oi* 7d years ago, needs to be considered—de Bary might not, he rather 
(*l(‘arly intimates (4, [). 574, lines 43 to 49), have been able to refer them to 
J\ if seen oidy in mixed cultures of the kind studied by d<‘ Bary, 

even the s|)orangia of P. oligandrinn and of P. (n‘(mthicuyny though ditiering 
more ])ronounced]\' from those of P. dcbaryanuni than the sporangia de- 
s«*ribed and figur(*d l)y Matthews, might perliaps not be distinguished suc¬ 
cessful I \ from the moi-e numerous alien reproductive bodies present witli 
them. \Vhei-(*i'ore, indeed, in separating these 2 spiny forms, and for that 
inatttu* also P. pcripltwiinK from P. artolrogns, it was deemed advisable to 
rely almost wholly on dilferences relating to morphology of sexual repro¬ 
ductive ajiparatus. 

TERMINATION OF OOSl'ORES OF PYTHITTM PERIPLOCUM 

Oospores of Pylhiiim pcrlplocvm produt*ed in maizemeal-agar plate cul¬ 
tures seem, like those of P. oligandnan, to rexpiire a fairly prolonged resting 
period before they will germinate readily in pure water devoid of nutrient 
substances. After some cultures had been stored in the laboratory for 165 
days at temp(‘ratures fluctuating mostly between 28° and 32° C., about a 
third of the oospores germinated promptly on shallow irrigation. When 
storage was continued 45 days longer at slightly lower temperatures, nearly 
all the oospores germinated, some of them undergoing transformation into 
zoosporangia so rapidly that zoospores began swimming about within 2 hours. 
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During' the resting period the oospore shows very gradually increasing 
contrast between a relatively thin colorless outer layer and a thicker yellow¬ 
ish inner layer (Fig. 10, A-G). In many instances the typically unitary 
organization ot‘ the proto])last (Fig. 10, A~C) becomes modified through the 
l)resence of 2 (Fig. 10, D, E, F) to 4 (Fig. 10, G) refringent bodies; the 
increased number of these bodies being often found associated with a 
noticeably \’acuolate condition of the parietal granular layer (Fig. 10, F, G). 
Soon after an oospore is immersed in fresh water the thicker yellowish inner 
layer of its wall reveals ininimerable closely arranged radial markings (Fig. 
10, F). Tlie striate layer now dissolves away in a localized region about 
2.5 to 5 \\ wi(l(‘, permitting tlie j)rotoplast to protrude against the thin outer 
layer (Fig. 10, II). Before long the outer layer yields in the region of 
contain as the ])rotrusion presses forward into the oogonial cliamber and 
tlieii forces its way through the oogonial envelope to elongate externally as 
a germ tube (Fig. 10, I-E: t). In the meantime the striate inner layer of 
the oospore wall undergoes gradual obliteration tlirougliout its circumference 
(Fig, 10, I), ami soon merges indistinguishably with the protoplasmic mass, 
which til us is expaml(*d to make contact everywhere with the persistent 
outer layer of tlie wall ( Fig. 10, J-L) ; the resei've globule during the same 
period changing from a globose to a more irregular shape (Fig. 10, II, L), 
01 * often ^li^’idiug into 2 or vacuole-like parts (Fig. 10, J, K) as the re- 
friugeut bodies are lost to view in their granular matrix (Fig. 10, J, L). 
Eventually tin* whole j)i‘oto})lasniic mass streams through the germ hypha 
into a terminal vesicle, where it is fashioned into laterally bieiliate zoospores 
(Fig. 10, M). The empty evaeuation tube luu-e commonly moasures from 
50 to 200 fi in length (Fig. 10, M-Q: t), thus, Avitli i*espeet to this dimension, 
g(‘ueralJy exceeding the corresponding element in P, (digandrum. Very 
oft(*n the meinbi'ane of the tul)e is abruptly retlexed at the orifice (Fig. 10, 
M P: t ), tiumgh instances are never lacking where the mouth has no lipped 
im)diti(‘ation ( Fig. 10, Q, t). itathcr frequently an evacuation tube is found 
bearing a short branch ru‘ar its base (Fig. 10, N -P: t), and occasionally 1 or 
even 2 branches may la* found attached farther ui)Avard (Fig. 10, Q, t). 
However, more abundant branching of a germ hyplia (Fig. 10. R) usually 
betokens here, as in allied species, that direct zoosporangial re])roduetion is 
no longer j)Ossible, and that, instead, the substance of the oospore will be 
used for mycelial growdh. The zoospores produced through oospore germi- 
imtion swim about for some time before they (*ome to rest ami round uj) 
(Fig. 10, S~Z). In all respects they behave much like the zoos])ores produced 
rroin sporangia of mycelial origin. 

]VIOKl>IIOLO(}Y AND DEVELOPMENT OF PYTHIUM SALI*lNOOPllOHU M ' 

Although Pyihium salpingoj)horum gives rise to vegetative hypliae as 
wide as 7 [j, it produces such stout hyphae less abundantly than P. idtimum, 
P. deMryanum, or P. Irrcgidare, with the result that its mycelium, on the 
Avholc, looks considerably l(*ss coarse than myeelium of any one of the most 
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Fig. 1-1. rylhiiim .'‘a^nnf/(rphoriim. Mycdium from bottom of a inaizoincal-agor 
plate culture, sliowirig thick curviug hyplial elements possibly resulting from elongation of 
functionally frustrated appressoria ; the alveolate proto})lasuiic structure revealed by the 
hyphal elements being rattier usual in agdng mycelium of th(‘ speciiss. It, C. Tracts of 
myiH'lium fro ii upper surface of a maizemeal-agar plate culture, displaying elaborate 
systems of small hyphal coils. Pliotoinicrographs, all approximately x 300. Photoiniero- 
graph ill A has been retouclicd. 
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I’aiuiliar danipiiig-olf species. In maizemeal-agar plate cultures the fungiis 
after several days often displays numerous rather coarse ii*rej>ular hyphal 
loops in contact with tlie ^^lass floor of the Petri dish (Pig. 11, A). Since 
these loops have about the same widtii as tlie appressoria whieli during some- 
v'liat earlier stages of vegetative growth are recognizable as swollen knobs 
borne terminally on branches of variable lengths (Fig. 12, A, a-nl; B, a~d; 
(\ a-g), they might readily be presumed to arise by prolongation of frus¬ 
trated appressoria. Such a pr(‘sumption, however, is open to some doubt, 
inasmucli as the submerged ijyphal loo])s are noticeably coarser than the 
chains of sickle-shaped stnudures that can often be observed in meagerly 
irrigated preparations, and that very obviously come into being through re¬ 
peated renewal of growth by appress()ria unsnccessful in penetrating the 
glass dish. Furtlua* ground for doubt is ofTer(‘d in the usually rather copious 
production of (‘laborate hyphal (mils (Fig. 11, 1>, C) on the upper surface 
of agar cultures, where all development of penetrative organs Avould be 
excluded. Although in the main the coils formed on the upper surface are 
more delicate as well as more intricate than those forjued on the glass flooi*, 
scattered examj)les seem to provide transition from one type to the other; 
thei'oby suggesting that the submerged cmils may in some degree deriv(‘ 
from growth tmubmeies not directly connected with development of ap- 
invssoria. Whatiner their nature may be, the curious hyphal coils, above 
and below, are often helpful in identifying the species when means are 
lacking for imlm'ing asexual reproduction. 

luke most spe(nes of Pyfhium adapted to a terrestrial habitat Pythiuni 
saJpitu/ophorifHi is capable of producing some zoosporangia under cultural 
conditions unsnital)le for zoospore forjuation. Thus wlien grown at 2o” C. 
on maizemeal-agar devoid of licpdd water it usually giv('s ris(* in the course 
of 15 to 20 days to a fairly gcuierous scattering of subspherical asexual re- 
{)rodu(*tive bodi(*s (Fig. FI, A, a) restmibling with respect to size the familiar 
couidia of P. KltiinKtv. Siieh globose reproductive bodi(*s, if transferred to a 
shallow layer of wattn- kept at a temperature near 15^ (•., soon reveal them¬ 
selves as zoosporangia by ])utting fortli an evacuation tidie (Fig. 13, A, t; 
1>, t ) individually. Far more abundant develoj)meiit of sjiorangia ensues, 
however, uvIhmi young well-nourislu'd my(*elium is pla(*ed under (*onditions 
suitable for immediate formation of zoospores. When, for example, slabs 
are excised from a thin ])late culture of maizemeal or Lima bean agar well 
permeated Avitli actively groAviug mycelium, and are placed in a shallow layer 
of water at'lo'MJ., asexual reproductive apparatus (Fig. 13, C-R) will 
usually be found present in enormous (piantity after 10 to 2()diours; the 
innumerable sporangia tlum produced, intermingled amid a confusion of 
active and en(‘yst(Ml zoospores, not only blanketing the surface of the slabs 
but extending out over the nari’ow fringe of extrarnatrical mycelium. 

Probably the most distinctixe morphological cliaracter associated with 
asexual reproduction in Pyfhium salpingophonim is the very pronounced 
distal widening of the evacuation tube (Fig. 13, C, t; D, t). After the apex 
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of the tube has yielded to j>erniit the sporangia! eoiiteiits to flovv out, the 
flarint>* tonniiial portion of the inenibranous envelo])e folds backward after 
tlie manner of a trumpet with reflexed bell—a f(‘atiire sijrnalized in the 
epithet chosen for the species. Where the em])ty tube is less than 5 \i in 
length, the envelope in its entirety offers a bell-like contour (Pig, 13, E, t; 
N, t; 0, t; P, t). Since the vesicular film is attached, as in other species, to 
the very rim of the membrane, the rolled anterior portion of the reflexed 
tube extends ])erceptibly into the chamber of the vesicle (Pig. 13, G, t; H, t). 
Generall.\* the v(‘si(*le here can be seen more readily than in P. (digandrnm, 
being nearly always discernible with good illiiniination. Even at the time 
sporangial discharge has just been completed it is nsually considerably 
large]* tlian the mass of ]oos(‘ly (mclosed i)rotoplasm. It grows in size as 
zoospore formation pi'oceeds; so that before the zoospores are ready for 
liberation its diameter is nsually twice the diameter of the empty sporangium 
(Pig. 13, H, a). In most instances the sporangial envelope, on being 
evacuated, contracts aiiprcciably in volume, and at tlie same time takes on 
the haphazard iT*regularities of contour frequent in tlie shrinkage of (‘uiptied 
membranes (Pig. 13, F, a; (Id ; K, b; L-N; P); though in some instances 
the membi'ane is sturdy enough to maintain its smooth outline after evacu¬ 
ation (Pig. 13, 0; J, a, b; K, a). Many of the largest and sturdiest 
sporangial envelopes (Fig. 13, T; J, a, b; K, a, b) are found in intercalary 
positions in h>'j)hae lying directly on irrigated portions of substratum. 
However in irrigated material the most usual ])()sition for a sporangium is 
a subtermiiial position 3 to 20 q below^ the tip of a simple or meag(‘rly 
branched filament; the terminal hyphal part being borne distally on tlie 
repro<lu(*tive body somewhat like an appendage fPig. 13, D; E; F, b; G; H; 
M-P). 0(*<'asionally \Yhei-e the terminal hyphal jiart is very short, it is not 
cut off by a sept um; so that the sporangium comes to have a beaked shape, 
and oe(*n])ies a terminal position (Pig, 13, F, a). A similai* beaked pro¬ 
longation may at times likewise modify the shape of a sporangium borne 
more or less laterally (Fig. 13, (■). Now and then after a terminal or 
snbtei'minal spora]\gium has been evacnated, renewed growth from the 
l)asal septum leads to the ])rodiiction of a second s])orangium within tlie 
emptied envelojie (Fig. 13, E) ; or the supporting liypha may grow' out 
laterally just below' the basal septum of the first sporangium (Fig. 13, F, a) 
to bear a se(M)nd sporangium (Fig. 13, P, b) ou an obliijiie braneli of variable 
length. In my irrigated p]*eparations of the fungus, proliferous develop- 

forth directly fni evacuation tube, t, wbich is about ready to yii'ld at its expanded tip. 
K. Oospore, a, that has diseh.'irged its contents through the evacnation tube, t, into the 
vesicle, b, where they hav(3 been fashioned into 12 zoospores. L-TJ. Oogonial envelopes, 
each containing the empty outer layer of the oospore w*all, from which the protoplasmic 
contents have migrated through the evacuation tube, t, to be transformed into zoospores 
in a vesicle. V. Oogonial envelope, a, surrounding the thin outer layer of the oospore 
wall which is prolonged into the evacuation tube, t, near the mouth of which 8 immature 
zoospores have encysted irregularly to form a cluster, b. W. Oogonial envelojaN a, sur- 
sounding outer layer of oospore wall which encloses 3 well-encysted zoospores; near mouth 
of evacuation tube, t, is a cluster of 8 irregularly encysted zoospores, T). X-~Z. Zoospores 

that have encysted after pendod of motility following liberation from vesicle. 
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ment. Avlietlier by uniaxial elongation or by siibsporangial branching, has 
alwa\'s beeii relatively infrequent. Since, further, such development has 
been found almost exclusively among tlie less rangily attached si)orangia 
formed in cro^^(led arrangement on the upper surface of irrigated agar 
slabs, where obserA ation is far more difficult tlian in the surrounding extra- 
niativical fringe, it can hardly be regarded as a feature promising much 
usefulness in the recognition of the species. 

In some iru-igated preparations of Pythium salpingophonim the actively 
swimming zoospores (Fig. PI H, b) have appeared to be slightly longer in 
proportion to tJi(*ii* width than tlie zoospores of most members of tlie genus. 
The difference in sliape lias, however, not always been clearly observable, 
and accordingly is not to be urged as a distinguishing feature. On coining 
to rest tli(‘ zoospores round up to form subspherical or prolate ellipsoidal 
cysts (Fig. 13, Q, a-i). Although these cysts usually remain submerged, 
they have at times been found floating on the surface of the water in count¬ 
less numbers. They germinate rather readily by putting forth a common¬ 
place germ hy})ha (Fig. 13, R), 

Sexual reproduction takes place freely botli in irrigated Lima-bean-agar 
])reparations and in cultures of maizemeal agar containing in suspension a 
svd)stantial (juantity of finch' divided maizemeal. As in Pythium oli- 
yandruniy ])artheiiog(‘netic development is frequent. The young oogonia 
make tJjeir appearaiu'e here and tlnu'c on the mycelium as subsi)herical, 
pi’olate ellipsoidal, or oblate ellipsoidal enlargements. Often when two or 
three are formed adjacent to one another, and no antheridium is present, 
they look at first much lik(‘ eonidia; their character as oogonia, however, soon 
becomes evident when, after they liave attained definitive size, their proto¬ 
plasmic contents assume a coarsely lumpy texture (Fig. 14, A, a-c). A 
thick, spherical oospo!*e wall is then laid down in intimate contact with the 
infiati‘(l portion of oogonial envelope (Fig. 14, B, a, b) ; the Avail as a rule 
being |)hysieally se])arated from the envelope only where the oogonium is 
extended at either end. A number of reserve globules thereupon become 
visil)le in tlie midst of tlu^ protoplasmic lumps ( Fig. 14, B, a, b). Later these 
are united into a single reseiwe globule; and the surrounding lumps are 
resoh ed into minute granules to be distributed as components of the parietal 
layer in Avliicli a single refringent body of orbicular or oblate ellipsoidal 
sliajie emerges clearly into view. The resulting parthenospore Avhen fully 
mature (Fig. 14, C; D, a-c; K, a-c; F, a~c; G, a c; IT, a -d) thus reveals the 
unitary internal organization characteristic of oospor(‘s in most members 
of the genus. 

Altliongh jiarthenogenesis often predominates over conjiigative dcA^eloj)- 
ment in Pythhnn sal ping ophorum, it is common for 1 in 3 or 4 oogonia to be 

discharge of eoiiteiits into vcsiele. IT. Same sporangium about 15 minnt<‘s after dis¬ 
charge, showing 14 zoospor(\s within vesielo iiearW ready for liberation; b, zoospore after 
liberation. I; J, a, b; K, a, 1). Empty envelopes of intercalary sporangia, each hearing 
a rather long, empty evacuation tube. L-P. Empty cnAadopes of subterminal sporangia, 
each bearing a rather short, cjiipty evacuation tube. Q. Encysted zoosi)ores, a-i, showing 
variation in size> and shape. It. (Jerminating zoospore, (t, (‘Nacuation tube.) 
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supplit^d with a male complement. Most'frecpiently this complement con¬ 
sists of a single clavatc crook-necked anthcn’idinm (Fig. 14, JN; 0, a, c) 
borne on a short branch arising from the oogonial hypha either in immediate 
proximity to the oogonium (Fig. 14, K-N; 0, a, c) or occasionally at a 
distance of several microns from the oogonial boiindai’y (Fig. 14, J). Now 
and then an androgynous braneli anthcridium is supplied from both the 
proximal and the distal side of the oogonium (Fig. 14, P). Occasionally, 
again, an antheridium (Fig. 14, Q, R) or 2 antheridia (Fig. 14, S) are con¬ 
tributed by a hypha having no close mycelial connection with the oogonium; 
male cells of such origin being more often sessile than those of androgynous 
origin, and usually lacking crook-necked curvature. As a rule the oogonial 
envelope becomes noticeably lipped about the short fertilization tube usually 
extended from the apex of the antheridimii. In most instances a substantial 
portion, if not all, of the antheridial contents are delivered througli the 
tube. Failure of fertilization may l)e inferred in other instances (Fig. 14. 
K, 0, a), where no tube is intruded or where the antheridium retains its 
contents undiminislied. Here and there an oogonium (Pig. 14, 0, b) may be 
found to whi(fh is directly attached an antheridial branch supplying an ad¬ 
jacent older oogonium (Fig. 14, 0, a); an appearance being thereby pre¬ 
sented as if the antheridial branch were of oogonial origin. There is much 
reason to presume, however, that in all such eases the antheridial braneli 
grew out from a portion of unditferentiated hyphal filament, and that it 
cann* into its anomalous positional relationship subsequently when the 
hyphal portion was distcnided to form the younger of the 2 contiguous 
oogonia. A similar relationship of parts is frequent in my P. paroecandrum 
(22, y>. 208) and has been observ(‘d likewise in some cultures of the familiar 
P. vlfimum that produe('d sexual apparatus very abundantly. 

In irrigated preparations of Pythiuni s(dpingophorum scattered oogonia 
may be found t*n(*losing oospores so much smaller (Pig. 14, K) that separa¬ 
tion between oogonial envelope and oospore wall is no less distinct than in 
P. deharyanum or P. However, in agar cultures such separation 

is usually evident only where the spherical contour of the oogonium merges 
with the cylindri('al (*ontour of the supporting filament; though here and 
there, especially in terminal (Fig. 14, H, d) or laterally intercalary (Phg. 
14, J) oogonia, separation may be observable, besides, in blister-like ir¬ 
regularities of the oogonial (mvelope. For the most part, oosj)ores of the 
species have little the aspect of endogenous reproductive bodies. On aging, 

sliglitly immature with resj)ect to distribution of reserve material among several globules. 
J. Oogonium fertilized by a branch antheridium arising nearby from same hypha; oos}>ore 
in early stage of development. K. Oogonium apparently not fertilized though supplied 
Avith a. braneli antheridium arising nearby from the same hypha; tlie parthenospore here 
being unusual in lying loose within the oogonial chamber. L-N. Solitary oogonia, (;aeh 
supplied Avith an antheridium arising nearby from same hypha; the oospores here shoAving 
successively later stages in maturation. O. Throe adjacent oogonia, one of them, a, sup¬ 
plied with an anthcridium on a branch from it.s younger neighbor, b, while the third, c, is 
f(5rtilized by an anth(*ridium originating nearby from the parent hypha. P. Oogonium 
supplied with 2 antheridia, both borne sessile on the oogonial filament. Q, E. Oogonia, 
each supplied with an anthcridium borne sessile on a neighboring hypha. S. Oogonium 
supplied AAdth 2 antheridia sessile on a neighboring hypha. 
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after all antheridia have vanished from sight, they eould readily be mistaken 
for (dilainydospores, were it not for their internal organization. They show 
g(nierally a fairly high degree of unifonnity with respect to size. The 
nietrie data, given in the diagnosis, relative to oogonium and oosi)ore were 
has(Ml on 200 ineasurements of specimens ehos(*n at random in 14-day-old 
niaizeineal-agar |>lat(‘ eultiirc^s containing very abnndant S(ixnal apparatus 
with virtnally no degeneration. The 200 oogonia gave values for diameter, 
(‘X|)ressed in th<‘ nearest integral number of microns, disti*ibntable as fol¬ 
lows: 11 1; 12 M, 1; 13 p, 10; 14 m, 27; 15 |j, 42; 16 m, 54; 17 41; 18 p, 

14; 19 [I, 6; 20 p, 2; 21 p, 1; 22 p, 1; and thcp200 oos])ores or parthenospores, 
all of correct intc‘rnal stj-mdure, that wer(* (contained in tlu'in, gave values for 
diam<‘ter, ex[)ressed iji the n(‘arest int(‘gral number of microns, distributable 
thus: 10 p, 1 ; 11 p, 1; 12 p, 13; 13 p, 29; 14 p, 40; 15 p, 62; 16 p, 33; 17 p, 
ll;18p,6;19p,4. 

Oospores from niaizeiiK'al-agar plate culture 250 days old were found to 
germinate freely when i)]ae(*d in a. shallow layer of water kept at tempera¬ 
tures near 16^ C. During the jxnnod of after-ripening tlie oosj)ore wall 
l)ecoiiies more* dist inetly ditfeiHMitiated into an ont(‘r (*olorless la,\’er and a 
somewhat Ihiektvr y(‘llovvish inner layer. On irninersion in water the <liti‘er- 
entiation is fnrtlKn- ai'eentiialed through radial markings of tlie inner layer 
( Fig. 12, D). In some ('as('s the singh‘ reserve globule now^ divides into 
s(‘\eral globules, and the nd'ringent body also ma.\' undei'go division (Fig. 
12, E). Soon the iinier laycn* of the oosj)()re vail merges indistinguishable^ 
with the ])rot,oplast, whi(‘h puts fortli a ju'otviisioii that aft(‘r ])uslung 
through both the outer la\er of the oospore wall and the oogonial envelope 
continues growth externally as a germ tube (big. 12, F) ; the reserve 
globuh's and the 1 or 2 r(‘lringeni bodi(‘s imsuiwhile being lost to view. 
Sometimes afttu* the g<‘riii liyplia has attained a length of 25 to 100 p, all 
tli(‘ ])roto|)lasiuie contents ot the oospoi'e (Fig. 12, (j—I: a) are utilized for 
the production of a terminal sporangium (Fig. 12, G-I: b), which may later 
put forth an evacuation tube (Fig. 12, JI, t; 1, t) much like a sporangium 
of mycelial origin. However, under favorable eomlitions the oospore (Fig. 
12, J; K, a) fuiK'iioiis directly as a sporangium; the gtu-iu tube extended by 
it (big. 12, fj, t) torming <m its expanded tip a cap of delii.scence which on 
yielding permits migration ol the oospore eontents inti) a terminal vesiele 
V'liere they are fashioned into laterally biciliate zoospores, mostly 6 to 15 
in number (Fig. 12, K, b). 3'he empty evacuation tubes here are often 
rather strongly ndleved at the end (Fig. 12, L-P: t), though freipieiitly, 
too, tliey are mereix' v idi-ned at tlie mouth without being folded backw^ard 
(Fig. 12, Q -V : t), and oceasionally they show no distal widening (Fig. 12, 
W, t). Owing very probably to lack of sufficient water the vesicle some¬ 
times disintegrates priuuaturely, with the result that the youug zoospor(‘S, 
not yet provided with /iagvlla, encyst in irregular shapes and thus remain 
clustered near the mouth of the evacuation tube (Fig. 12, V, b; W, b). 
Where a portion of protoplasm fails to migrate from tlie eliamber of the 
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oospore, it is nevertheless successfully fashioned into zoosx)ores, which after 
a period of nioveinent within their small enclosure round up to form spheri¬ 
cal cysts (y\^. 12, W, a) indistin^uishabJe from the cysts formed from ]jor- 
malJy liberated zoospores (Fi^. 12, X, Y, Z), After being emptied of 
contents the persistent thin outer layer of the oosj)ore wall sometimes re¬ 
mains appressed to the oogonial envelope (Fig. 12, G, 11, K, N, 0, T, V, V), 
but at other tim(‘s shrirdvs away to become more clearly visible as a discrete 
membrane (Pig. 12, I, M, l^ Q, R, S, W). 

Like many congeneric foi*ins Pyihiiim sal pin gopher uin is subjetd to 
severe attack when it is gi*own on maizemal agar in dual culture with J\ 
oligandrum. Its mycelium is abruptly halted in its advaiu'C when it en¬ 
counters growing mycHdium of the echiiuilate species; the extension of the 
echinidate species, however, (*,ontinuing without interruption. Everywhere 
in the zone of encounter young hyphae of 1\ salplngophornm (Fig. 15, A, 
a; B, a) become elaborately enveloped by branches of P. oligandrum (Fig. 
15, A, b; B, b). Numerous threads of the smooth species (Fig. 15, C, a) 
are extensively invaded by assimilative filaments of the spiny one (Fig. 
15, C, b), although plugs and irregular septa laid dowui in the former have 
some efiect in restricting the field of each invasion. After tlie contents of 
the host thread (Fig. 15, D, a) have been appropriated, the assimilative 
filaments (Fig. 15, 1), b) extend branch(‘s through tlu* hyx)hal membrane to 
attack other threads. Jn dual culture with P. acavihienn), the mycelial ad- 
vam^e of P. salpingophoriim is likewise* stopped abi‘uj)tly in the zone of en¬ 
counter; and its young hyphae (Fig. 15, K, a) here similarly become en¬ 
veloped by bramdies of the opponent mycelium (Fig. 15, E, c). \Vhile 
large hyi)hae of the smooth i'orm (Fig. 15, F, a) sometimes successfully rc*- 
sist invasion by the envelo])ing branches (Pig. 15, F, c), their protoplasmic 
contents nevertlicless suffer thoroughgoing degeneration. Hyphae of P. 
salpiiigophorinn having l(‘ss indurated w'alls (Fig. 15, G, a; 11, a) are 
readily invaded by P. amnthicum (Pig. 15, G, c; IT, (*) and when their con¬ 
tents liave been appro})riated (Fig. 15,1, a) the internal haustorial filaments 
(Fig. 15, I, c) eru|)t through tlie enveloping membrane to begin another 
a.tta(dv. Similar injury is incurred by P. salpingophorum when it is grow'U 
in dual culture with P. p(ripl(fcum; the advance of its mycelium being 
sharply arrested on meeting the opponent mycelium. Here, also, in the 
zone of (*ncounter num(*rous hyphae of P. salpingophorinn (Fig. 15, J~0 : 
a) are penetrated by branches of the echinulatc si)ecies (Fig. 15, J-0: d) 
and invaded lengthwise hj assimilative filaments. Later these filaments 
often push branches (Fig. 15, P, d) through the membrane of the host 
(Pig. 15, P, a) to extend the destructive relationship to other hyphae of 
the smooth species. 

In diseased pea roots from which it was originally described and from 
which it has since been isolated by Horsfall and Kertesz (29), Pythhim 
salpingophorimi is frequently found associated W'itli the saprolegniaeeous 
parasite Aphanomyces euiciches Drechsl. As it was isolated from spinach 



H)(»* A plntc cultuTOs with the aid of a camova lueida 

t' »alpingophorum, a, attacked by P. oU 

^»4» j#rn, b. E-I. Hyphae of I. mlpmgophonm, a, attacked by P. amnthwum, c. J-P 
Hyphae of P. mlpmgophorum, a, attacked by P. pcriplocum d 



Fig. 16. Drawn from maizcuK’al-agJir plate cultures with the aid of a camera lueida; 
X 1000 throughout. A, B. Hyphae of Fyihmm salpingophorum, a, attacked by Aphano- 
myccs cladogamus (spinach strain), b. C. Ilypha of Fythium vexans, a, attacked by 
Plectoapira myriandra, b. D. Hypha of Pyfhium vexans-, a, attacked by Pythiupi peri- 
plocum, b. il, F. Pythium vexans, a, attacking Pythium pcriploeum, b, by means of 
appressoria. G. Pythium vexans, a, attacked by Pythium acnnthwum, b. 
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(Spinocia oleracca L.) roots collected near Norfolk, Va., late in November, 
1932, and from tomato rootlets collected near Beltsville, Md., in September, 
1942, P. salpingophfrrinn is known to occur on at least 2 pbanero^amic crop 
plants that have been recorded as hosts of anotlier saprolegniacreons root- 
rotting si)ecies, A. cladoganms Drechsl. (15, 16, 19). When the fungus is 
grown in opi>ositioii to -1. cladogomus on maizerneal agar, its mycelial ad¬ 
vance is abruptly halted where it en<*.ounters the mycelinm ot the water 
mold. Many of its hyphae (Fig. 16, A, a; B, a) in the zone of encounter 
are soon copiously involved by branches extended from filaments ol A. clado- 
fjamus (Fig. 16, A, b; B, b), their protopla|^mic contents promptly showing 
(h'generative changes by taking on a darkish opaque, lumpy api)earance. 
Here and there the Aphanow,yccs branches narrowly penetrate into the 
Pytkivni filaments and intrude assimilative hyphae to ai)i)ropriate the degeii- 
erating materials (Fig. 16, A, B). 


TItU MORPIJOLOGY AND JDKNTITY OF rVTIIUJM VFXANS 

111 1876 de Bary (2) briefly deserilied under the binomial Pythium r( .nrns 
a fungus whieli he first found in the month of Jrdy in dead exhausted (*ells 
of sevei'al potato tubers that had sprouted despite infection witli Phytoph- 
thora infesfMtis; the specific epithet being chosen because for two long years 
the fungus had given trouble with !•espect, more especially, to its sei)ai'atioii 
from the late blight parasite. Five years later he (4) expanded his earlier 
account by adding a few more illnsti-ations and by supplying furthei* d(\scrip- 
tive details, most of which ])i‘ovide(] contrast with Pyiliiiim drbarjfunum. 
Spherical monosporoiis oogonia, in most instam^.es mature, were set fortli 
as having been found attached laterally to delicate branched hyphae that 
could be traced into intercellular spaces of the spent tuber; the globose 
oi-gan sometimes being borne on a very short stalk, sometimes being s(‘ssile 
on the paroit filariKMit, and sometimes, again, being broadl>^ ii^serted upon 
the parent filament as a tang(‘ntia11y intercalary body. The single anther- 
idiiim usually comprising the male e()mi)lement—2 antheridia were present 
only rarely—was described as beiiig mostly of curved clavate shape and 
as arising from tiie oogonia) hypha in immediate proximity to the oogonium. 
Considerably smaller size ol oogonium and oospore Mas represented as a 
f(‘ature separating tiie species From P. dclmryaymm • the diameter of the 
f ormer structure having beivn determined from permanent mounts as 15 to 
18 p, that of the latter structure as 12 to 15 p. The fungus was held dis¬ 
tinguished frc>m P. debaryaymm also by the greater delicateness of its oogo- 
nial envelope, by gn^ater size of its oospore in relation to the oogonium, by 
germination of its oospores after only a brief resting period, and its in- 
ahilit- in repeated trials to infect tissues of the potato plant. It gave fur¬ 
ther manifestations of saprophytism by groAving luxuriantly on dead flies 
aiKl on dead mites; M'ithin the mites it produced oospores, but M’ithiu the 
flies it ga\e rise only to branching mycelial hyphae and to spherical conidia 
like those of P. debaryarivm. In one of de Bary’s figures (4: Taf. V, fig. 3) 
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wherein a portion of mycelinin is shown, tlie main axial hypha would seem, 
from the maj^nifieation indicated in the lej*'end, to vary in widtli from 3.5 
to 4 p, while a secondary branch w-onld seem to have a width of about 1.5 [j. 
On this narrow^ branch is shown attached a unit of sexual apparatus that 
reveals in profile view broad application of an antheridiuin to a flattened 
portion of the oogonial wall; the portion of antheridial enveJoj)e not adnate 
to the oo«,^onium presenting a semicircular contour. In a figure of another 
unit of sexual apparatus (4: Taf. V, fig. 4) the antheridiurn is shown ad¬ 
vantageously in dorsal view’ as being extensively applied flatwise to the 
ui)per aspect of the oogonium; its attachment to a very short stalk arising 
ostensibly from the oogonial hypha in immediate proximity to the oogonium, 
and its divaricately bilobate shape, seeming especially worthy of attention. 

Butler^s account of Pyihium vexmis (10, p. 91-94) consists mainly of a 
first-hand description of a fungus wliich he found not uncommon in garden 
soil in Great Britain and Prance, and wliich he considered undoubtedly the 
same as do ]h^ry^s largely because of distinctive peculiarities he recognized 
in the 1‘requently broad insertion of the oogonium and in the clavate or 
rounded shape of the relatively large antheridial cdl. In Ahutilon-YO{)t 
cultures the fungus gave rise extramatrically to oospores 20 to 22 q in diam¬ 
eter within oogonia measuring 22 to 25 p in diameter; its main measure¬ 
ments, therefore, not only considerably exceeding those originally ascribed 
to r. vexans^ but also exceeding, even if only rather slightly, those ascribed 
to P. debaryamini (or to the synonymous P. Equiseti Sadebeck) both by 
de Bary (21 to 24 [j for oogonial diameter and 15 to 18 p for diameter of 
oospore) and by Butler (20 to 25 p for oogonial diameter and 14 to 18 p for 
diameter of oospore). The individual oogonium was re])orted to be sup¬ 
plied with one antheridiuin, rarely wvith two; the antheridia usually arising 
from tlu‘ oogonial stalk and sometimes being hypogynal. De Bary’s account 
of P. vexans makes no nn'iition of hypogynal antheridia, nor of an arrange¬ 
ment of sex organs which Butler found to be fairly common—an arrange¬ 
ment initiated through prolongation of the oogonial branch from below the 
female cell as a somewdiat coiled, jilurally diverticulate stalk wdiicli then cuts 
off terminally an antheridial cell that bends around to reach the apex of the 
oogonium and intrudes there a fertilization tube. Butler found the anther¬ 
idial cell always closely applied to the oogonial w all so as to f use wdth this 
wall over a large part of its circumference; the tw^o conjugating organs to¬ 
gether app'earing commonly as a pear-shaped bilocular structure. In his 
figures of such structures (10: Plate V, fig. 8, a, b; 9) the male component 
is shown with a dome-like ])rofile rather similar, it must be admitted, to the 
semicirculai’ antheridial profile drawm by de Bary. While in some of his 
cultures Butler obtained zoosporangia in addition to conidia—both measur¬ 
ing 17 to 24 p in diameter—other cultures yielded conidia but no zoospo¬ 
rangia; so that the fuller scope of asexual reproductive development in his 
fungus was readily reconcilable with de Bary’s findings. Some departure 
from the conidial morphology implied in de Bary's account might not wholly 
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without reason be read ijito Butler's stateiueiits intimating* that the conidia in 
his material were much more frequently of irregularly pyriform, ovoid, or 
subangular shape than of more symmetrical subspherical shape, and that 
their protoplasmic contents were of denser appearance than the contents of 
conidia in F, drbarifanum. A vegetative cliaracter distinguishing his fungus 
from any other species known to him was recognized by Butler in the fre¬ 
quent prolongation of secondary and tertiary branches far beyond the pri¬ 
mary hyphae, and their attenuation at the ends into very fine filaments. 
Lateral branches, according to his statement, were given off in a very irregu¬ 
lar manner; and the mycelium, in general.,*was slender, finer tlian that ot‘ 
F. deharyanum. 

In 1924 Braun (8) described as a new species, under the binominal 
Fjfthmm complectens, a fungus lie Ijad isolatetl. from blackened geranium 
[Pi'iarijormim sp.) stems tonud in greenhouses at Washington, 1). C., which 
in inoculation (experiments caused decay in the stems of g(‘ranium cuttings 
and in Coleiis cuttings, tlmugh it failed to atta(‘k either cucvimber or water¬ 
cress seedlings, and in radish {Rdpiinnifs sativus L.) seedling;s caused only 
supcTfieial black strcaiks on the st(*ms. Without determining whether liis 
fungus would attack the living potato plant—the only pluuierogam dc Bary 
tried out in the experinumtation rehwant here — Braun distinguished F. com- 
p/cctms from F. ve.nnfs partly on !ht‘ score of its pathogenicity. He dis¬ 
tinguished his fungus in part, again, on the ground that its hyxdiae, measur¬ 
ing 1.7 to 4.85 j{ in Avidth, were ('ylindri(‘al with rounded tips and did not 
ta])er to fine points; although it would se(‘m by no nieans certain that tlie 
vei’v fine filaments of Butl(n*’s fungus need necessarily have been sharply 
j)ointed at the tip, or that the plant bearing them Avas aetiially referable to 
F. luxans. OAving to tlie unc(Ttain idcmtity of Butler’s plant, the contrast 
that its rare, irregularly siiaj)ed s])oraugia offer to tJie subspherical or oA^al 
s])oraiigia produced abundantly ou Aarious agar media by the geranium 
lungus appears of dvd)ious relevance in sejAarating this fungus from F. 
vvxous. Li'auii assuredly erriid in rei>reseiiting de Bary as having obscrA'ed 
no sporangia or (‘onidia in P. vtxam: fm, as has been numtioned, de Baiy 
rcqiorted deA"elo|)meu1 ol ('{>nidia avIu'ii ids species aa'hs groAA-ii on flies. In¬ 
deed, since tJic tlermaii inyeologist likened his conidia to those of P. dehary- 
(iiinxu they must have becJi rather siiidlar t(> tlie sporangia Braun ascribed 
to I. (om pled CHS, AAddeh in sliape and size — their diameter being stated to 
vary from 16.4 to 27.3 p— sJioav moderate rc.semblanee to tlie conidia of P. 
dch(i) yunuin ami ol 7^ ultvmuni. According to Braun, the oogonia of tin* 
geranium parasite are borne each on a slender stalk, and are not inserted 
by a bioad base info the my^itelial tube after tlu* manner of oogonia in F. 
vexam. The antheridium of his fungus, au organ described as single, one- 
eelled, arising from adjaccuit hypha or beloAA" oogonial stalk, persistent, vary”- 
ing from a trumiiet shape flaring out at region of attachment, to a broad 
irregnlarly lobed mass clasping a large part of the oogonium and fused witli 
it,” Braun recognized as resembling in shape the broadly applied anther- 
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idiuni by which, in his view, de Bary characterized P. vexans. Prom his 
qualifying comment to the effect that a figure of de Bary’s (4: Tab. V, fig. 3) 
shows, nevertheless, one clavate antheridium, it would seem that Braun 
regarded clavate antheridial shape in P. ve.raiis as a feature rather excep¬ 
tional in the morphology originally ascribed to the species by its author. 
In reality, however, de Bary set forth the antheridium of P. vexans as being 
usually of curved clavate shaj^e and only seldom of other form. Somewhat 
curiously, therefore, de Bary’s statement of antheridial morphology might 
have afforded a stronger argument in favor of separating the geranium 
l)athogen from P. vexans than was derived from it by Braun. 

After the publication of the paper j)resenting Pythium complectens as a 
new species, Braun kindly gave me a culture of his fungus. By comparison 
of material grown under like conditions, tlie fungus was readilv seen to be 
identical with more than a dozen cultures sorted out, mainly because of 
resemblances in m^^celial luster and antheridial mori)hology, from a numer¬ 
ous (collection obtained in 1924 from softened pea roots and blackened sweet- 
potato roothds—from the same collection in which, as has been noted, P. 
oliiiavdrvm was found so abundantly represented. The species has subse- 
(jU(‘ntly been recognized in cultures isolated from affected roots of pansies, 
toniatoes, ])eppers (Capsicum annuum L.), beans, giant ragweed plants, and 
pale touch-me-not plants collected in Arlington, Va., in ‘Washington, D. C., 
and near Beltsville, Md. It has been recognized likewise in several cultures 
isolated t'l’orn sugar-beet roots collected near East Lansing, Mich., and near 
Saginaw, Mich., in June, 1927, as well as in a few cultures among a much 
larger nuinbcu’ isolated from ctdery (Apiwm graveolens L.) seedlings then 
collected near Kalamazoo, Mi(di. Later it was encountered also in a few 
cullui’cs derived from discolored spinach rootlets gathered in fields near 
Noi’folk. Va., in November, 1932. 

In niaizemeal-agar plate cultures the fungus produces a mycelium of 
inarkedlA’ lustrous radiating api)earance attributable here as in allied forms 
to a rather ]>ronounced degree of ijarallelism in arrangement ot; the sid)- 
merged and prostrate axial hyphae. This type of appearance, to Avhich 
B]‘aun aptly refers as a ‘‘combed silk effect,^’ and which he illustrates rather 
satisfactorily (8: Plate 1, b), may justly be considered well worth mention¬ 
ing in descripti^•e accounts, (wen though its ])resence in similar cultures of 
various congeneric species, including, for example, Pythium complcns 
Fis(dier and' P. acanthicuni, someAvhat al)ates its distinctiveness as a diag¬ 
nostic character. Aerial mycelium is frequently absent on luaizeineal agar 
in Petri-plate cultures, but usually is produced in moderate (piantity on the 
same substratum in tube cultures. Somewhat more abundant aerial devel- 
o|)m(‘nt ensues when a riclier nudium like Lima-bean agar is employed. In 
this medium the submerged mycelium reveals at times some cumnlous varie¬ 
gation in density of hyphal elements. 

After its vegetative growth in maizemeal-agar plate cultures has been 
concluded, the fungus begins to })roduce, as a rule, botli asexual and sexual 
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i*e])r()duotive apparatus. Since in such cultures zoospore formation caiuiot 
take place owinj? to lack of free liquid water, asexual reproduction is re¬ 
stricted to develox)ment of subsplierical or ellipsoidal bodies mostly varyin" 
in diameter between 15 and 30 p. In cultures 15 to 25 days old a substan¬ 
tial proportion of tliese bodies often measure from 25 to .‘U) ii in diameter. 
For the most part si^ecimens of such lar^i* siz(‘ are i'ound in laterally inter¬ 
calary ( Fi.ii‘. 17, A--p]) or mesially intercalary (Fij^:. 17, F) positions in the 
stouter main mycelial filaments; thus otfering’, with respect to size and 
liyplial re]ationshii)s, the similarit.y to eouidia of Py f in urn (Irbaryanum and 
P. idiimum that is to be inferred from de Bary’s account of P. vcxans. 
When tlie globose bodi(*s are sparin<*ly irrigated with distill(‘d water they 
usually germinate rather promptly. Sometimes germination takes plaet^ 
almost (*x(*liisively by emission of germ tubes that grow directly into 
l)ranch(*d mycelia; whereas at other tim(‘s by far the greater uumber of 
globose bodies give rise to zoospores. The frequent predomiiiama' of tlie 
one or lb(‘ other of the alternative modes of development affords some mea- 
Mire of rei'onciliatioji betwetai the findings of de Bary and of Bi-ann relative 
to asexual l•e|)roduction. 

Butler’s statement that in Pyili'nim v(\r(uis zoospores ar*e given only 
when sporangia are sown imm(‘diat(‘ly in fresh water would seem to imply 
that de Bary’s failure to obtain zoospore development could well have been 
due to the age of tlie conidia in Ids material—an implication not lux^essarily 
dt‘Void of merit because (vf the questionable identity of Butler’s fungus. 
Braun re}>ort(‘d that in P. coniphcfens the asexual reproductive bodies gave 
rise to /(»ospo?‘es for 10 days aft(T their formation; the pro])ortion of bodies 
that ])i*odnced zoospor(‘s when placed under cireiimstaiict's fax'orable for 
germination thereafter (limiidsldng with increasing age. My cultures of 
the species have shown at times even more enduring capacity for zoos[)oran- 
gial devtdoprnent. Thus, although the reproductive bodies shown in figure 
17, A“ G, which were drawn from a ]*etri-plate cidture |)repared with rather 
soft, slightly moist agar 51 tlays after plantijig, mostly showed clear evi¬ 
dence of aging in the ])resenc(* of a central vacuole (Fig. 17, B-G), all of 
tlKUii and the g(*nerality of their very nnmerons fellows germinated as 
si)oraiigia on addition of a small (piantity of distilled water. In this mat(‘ 
ri.d, moreover, gerndnation began very promptly. Many of the globose 
bodi(‘s Avere observed individually putting forth an evaimation tube (Fig. 
17, G, t; 11 a, t) within 10 minutes after the Avater had been added; exten- 

v(\si(*lo sliortly before the inotilt? zoosj)or(*s 1. A siujillor intercalary sporangium 

vvhielj AviLs forined in a inai/,(MMeal-agar plate culture, and wljicli on addition of water 
promptly extended an evacuation tube and dis(diarg(*d its contents into a vesicle for trans¬ 
formation into 8 zoospores. J, K. Empty envelopes left after irrigation of large inter¬ 
calary sporangia from a inaizemcal agar plate culture; each eriveloix' Ix'aring a short 
r(‘floxed evacuation tutxi. Em{)ty envelopes of sporangia that were formed and dis- 

charg(xl in an irrigatixl Lima-bean-agar pn'paratiori; illustrating intercalary (L, M), 
subterminal (N, O, P, 11), terminal (Q), and lateral (S) positional r(dationshipa to sup¬ 
porting hyphae; and showing phiin-ivimmed (L, M, S) and reflexed (N-U) conditions in 
empty evacuation tubes, as well as pronounced variation in hnigth of tliese tubes. T. En¬ 
cysted zoospori's, a-o, showing variations in size and shape. IJ. Zoospores, a-d, (‘ach 
germinating by production of a germ tube, (t, evacuation tube.) 
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sion of the tube to its definitive leiiotli in tlie course' of tlie ensuinc’ lo Tiiinutes 
bein^ followed by abru})t yielding of its liyaliiie expHiuied tip and by inijjra- 
tion of the sporangia! contents into a terminal vesicle (Fig. 17. lib, t) tor 
conversion into motile /oospores (Fig. 17, II c; I). Within 45 minutes after 
addition of the distilled 'water zo()s|)ores Avere observed swimming about in 
easily noticeable numbers; in 3 hours they Avere SAvarming abundantly 
throughout the irrigated preparation. Of the numerous sporangia a large 
proportion were noAv represented only by empty euA-elopes (Fig. 17. J. K), 
each provided Avith an empty evacuation tube (Fig. 17, J, t; K, t). 

Zoospore devel()j)meiit can readily be iiviuc('d in the species, as in most 
congeneric forms, by excising from maizemeal-agar or Lima-bean-agar plate 
cultures thin slabs av(‘11 ])ermeated Avith vigorous mycelium and Iransferring 
them to a thin layer of Avater. In sucli preparations sj^orangia and motile 
zoos])ores make theii- appearance in mod('rate numbers after about 24 hours, 
and Avith occasional renewal ol' Avater will ordinarily (‘ontinue to be fornu*d 
in some quantity for seA^eral days. Since the conditions necessary for 
zoospore development are here constantly present, the sporangia fail to 
attain generally as large a size as in agar cultures devoid of free Avater; 
their transverse diameter A^arying usually from 8 to 23 p (Fig. 17, L-S). 
While many are found in intercahny positions (Fig. 17, L, M), others are 
l)roduced subterminally ori relatively slender branches, so that a terminal 
portion of the branch is borne someAvhat like a distal appendage (Fig. 17, 
N, 0, P). 8ometimes the distal portion of the suppoi'ting branch does not 
))ecome delimited by a septum, and then Avill appear as a diverticulum of a 
terminal sporangium (Fig. 17, Q). In other instances not only tlie distal 
portion of the supporting' branch but also 1 or 2 short lateral secondai-y 
branches are each cut off by a septum, and thus likewise come to be borne 
on the subterminal sporangium as apjAcndages (Fig. 17, T\). Occasi(mally 
a sporangium is borne laterally on an axial fflament (Fig. 17, S), 

In sparingly irrigated material, AAhere the sporangia are not deeply 
submerged and yet tire ade(piately bathed in a thin layer of water so tliat 
tluj positional relationships to Avater and air are nearly (weryAvhere favor¬ 
able tor 7X)Ospore develo])ment, the evacuation tube visually is not extended 
beyond a length of 15 p, and sometimes not beyond a lengtli of 10 p. How¬ 
ever, where local conditions arc less favorable, it pushes out farther (Fig. 
17, I, t; Q, t), occasionally attaining a length of 100 p (Fig. 17, Q). For 
the most part it varies in widtlf from 2.5 to 5 p. Tt is rather markedly ex¬ 
panded at the tip (Fig. 17, <1. t; 11. t) without, however, sharing the pro¬ 
nounced apical modification (diaracteristic of the evacuation tube in Pifthium 
salpmgophornm. After discharge* of the sporangium its empty membrane 
in some instanees Avidt'iis notiee'ably near the orifice (Fig. 17, S, t). Mneh 
more often the membrane Iveeomes reflexed at the tip (Fig. 17, II b, t; T-K : 
t; N-K : t), tbongli such eversion is absent here and there 17 L t- 

M, t;S, t). 

The vesicle attached to the frequently reversed rim of the evacnatioii 
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tube is often, especially in its proximal portion, onlj^ faintly diseernible. 
In any case the film yields soon after tlie swarm of active zoospores formed 
within it bej^in their batterinji*, whereas in most congeneric species the 
clearly visible bladder commonly resists the collective impact of the fully 
fledfjfed swarm for a period of 5 to 8 minutes. Owing’ in large part to their 
less prolonged imponndage the zoospores of Pythrum vcxans are often liber¬ 
ated in PI to 15 minutes after dischai*ge of the sporangium, ratlier than 
after the more usual period of approximately 20 minutes. They swim about 
for some time, then (!ome to rest and I'ound up into subspherical cysts com¬ 
monly 6.8 to 9 p in diameter (Pig. 17. T, a-o). They germinate, as a rule, 
by putting forth a germ tube approximately 1.5 p wide (Pig. 17, U, a~d). 

Besides produ(?ing sporangia and zoospores, tracts of young mycelinm 
in slabs excised from maizemeal or Jjima-bean-agar plate cultures conve¬ 
niently give rise, on irrigation, to sexual reproductive apparatus in moder¬ 
ate quantity; the softened substratum allowing patently normal development 
and still retaining enough firmness to hold all imbedded apparatus securely 
in place for close microseopicai examination. As Braun pointed out, pair¬ 
ing of the sex elements takes place at a very early stage. Indeed, even when 
the young oogonium consists only of a terminal (Pig. 18, A, a) or subter¬ 
minal (Pig. 18, B, a) enlargement no more than 6 or 7 p in width, which by 
itself would not yet be clearly distinguishable from miscellaneous enlarge¬ 
ments of vegetative character, it is often found rather extensively in contact 
with, or extensivel.y enwrapped by a young male complement constituted 
of a swollen hyiihal termination (Pig. 18, B, b) or of such a termination 
together with a similarly swollen lateral branch (Pig. 18, A, b). Pre- 
quently the myc(*lial connection between oogonial stalk (Pig. 18, A-I: a) 
and antheridial branch (P^ig. 18, A-I: b) is too remote to be traced with 
certainty amid the (‘-onfusion of ramifying hyphae. With about equal fre¬ 
quency, however, a connection between the paired elements is plainly evi¬ 
dent (P^ig. 18, J-0). Sometimes the oogonial stalk (Ph'g. 18, d, a; K, a) 
arises from the same hypha as tlie antheridial branch (Pig. 18, d, b; K, b); 
sometimes it (PMg. 18, L, a) originates as a secondary ramification from the 
hypha directly bearing the anthei-idial stalk (P'ig. 18, L, b) ; or, again, it 
(P^ig. 18, M, a; N, a) provides the very familiar androgynous arrangement 
of parts in giving rise at a variable distance from the growing oogonium to 
an antheridial branch (Pig. 18, M, b; X, b) which to reach the place of 
union follows*an arcuate course often consideu’ably rangier (PTg. 18, X, b) 
than the course of the antheridial branch in monoclinous sexual apparatus in 
Pylhium deharyammi. liemoteness with respect to mycelial connection 
and proximity with resj)ect to position are combined ingeniously in instances 
where an axial liyiiha gives off, on the same side, 2 branches (P^ig. 18, O, a, b) 
of which one (P'’ig. 18, O, a) bears plural oogonia (P^ig. 18, 0, w, x) that are 
supplied with antheridia borne on ramifications (Pig. 18, 0, y, z) arising 
from the other (Pig. 18, 0, b). In units of sexual apparatus developed 
directlj^ in maizemeal-agar plate cultures prejiared with a medium .softer 
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Fig. 18. Immature units of sexual reproductive apparatus of Pythium vcxans as 
found produced in soft, irrigated maizomeal agar (A-Ml and in irrigated Lima-bean 
agar (.N, O) ; drawn to a uniform magnification with the aid of a camera lucida; x 1000 
throughout, ^ouug units without evident mycelial connection between the paired 

organs. J-M. Young umts each showing moderattay clo.se mycelial connection between 
the apposed organs. • N, O. Units about ready for fertilization, each showing a somewhat 
remote mycelial coniu'ction between oogonium and antlieridium. (a, hyplm suimorting 
oogonium; b. hyidm supporting aiitheridium.) v ’ .1 ii . & 
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tluin the media commonly employed, the mycelial relationships of the con¬ 
jugating parts differ little from the relationships manifest in irrigated 
agar slabs. Where a mycelial connection can be made out, the 2 hlamentous 
elements supporting th(^ paired organs here likewise are often contributed 
by the same hypha (Fig. 19, A, a; Fig. 2U, A); or the antheridial branch may 
arise from the oogonial stalk (Pig. 19, A, b; F>-T); Pig. 20,11, C) ; or secondary 
and possible tertiary branching may be present in one if not in botli of the 
sup])()rting filamentous elements (Fig. 1<). E; Fig. 20, 1), E). And, natu¬ 
rally, in soft agar substratum much as in irrigated agar slabs, numerous 
units of sexual apparatus sliow no demonstrable mycelial connection (Fig. 
19, F 1; Fig. 20, F, G). 

As in related species the oogonium develops into a sulisplierical body. 
It is often found attached more or less im^sially to the (uid of a hyphal stalk 
which may be someu liat narrow not only during the earlier i* 0 T*mative stages 
(Fig. 18, A, a; E, a; H, a; J, a) but also during later stages (Fig. 18, N, a; 
Fig. 19, C, 13, F, li; Fig. 20, 13), or, again, may be moderately stout (Fig. 
18, 13, a; Fig. 19, B; Fig. 20, A). A more distinctive hyiihal relationship 
fre(|uentJy results when the oogonium grows out laterally a short though 
somewhat variable distance belo^v the tip of tlie supporting filament (Fig. 
18, B, a; (h a; F, a; (I, a ; I, a; K, a ; L, a; M, a), so that a terminarportion 
of filament, usually about 10 ^ long but occasionally measuring less than 
5 \\ (Fig. 18, B, a; F, a; L, a) or more than 25 p (Fig. 18, K, a) in length, 
is borne on the young oogonium after the manner of an appendage. Owing 
to the circumsiance that in soft, yielding substratum the lateral growth of 
the oogonium often pushes the distal element out of its earlier alignment into 
a i)osition approximately at a right angle with the supporting element, the 
origin of the appendage as a termination of the suptiorting stalk is fre- 
rjuently obscured. When the female organ later comes to be delimited, the 
distal element is commonly cut off by a cross-wall (Fig. 18, 0, x; Fig. 19, A, 
a, b; 1). However, wdiere the distal element is very short, it often remains 
as a spur-like diverticulum (Fig. 20, D) continuous with the oogonium; 
this organ thereby being left in a terminal position with a hyphal attachment 
similar to that of some oogonia having a subspherical shape devoid of 
marked modification (Fig. 20, G). Sometimes an oogonium develops in 
laterally intercalary position some distance from the tip of its supporting 
filament (Fig. 18, 0, av). Frequently too, where the oogonium grows out 
laterally irom a base so narroAv that the spherical contour does not encroach 
on the sui)i)orting hypha, it becomes delimited as a sessile structure, or is 
borne terminally on a very short lateral branch (Fig. 19, E, G ; Fig. 20, 
B, C, E, P). 

The oogonia of the fungus thus show not only the several relationships 
to the mycelium that Avere expressly ascribed by de Bary to the oogonia of 
Pythium vexam, but also the one relationship—attachment to the tip of a 
slender hypha—Avhich Braun set forth as prevailing in P. complectens. 
Indeed the latter relationship is not AA^holly unrecorded in de lh)ry’s treat* 
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meiit of P. vcxans ; for tlioiif^li not mentioned in his descriptive text, tei*ininal 
attachment would seem to be represented in one of his fijtnres (4: Taf. V, 
fig. 4). In my material the supporting hypha has shown no noteworthy 
tendency to widen markedly below the attachment of a terminally borin* 
oogonium. Such widening appears to have been considered by Braun a 
feature that de Bary held characteristic of P. vexana. Marked hyphal 
widening immediately below the unipolar attachment of an oogonium borne 
mesially in alignment with its supporting filament, was figured by Butler as 
illustrative of the broad insertion of oogonium he deemed especially distinc¬ 
tive of the species. Although de Bary’s words describing the oogonium 
as “theils selbst init breiter Ansatzstelle eingeschaltet in die Continuitat des 
Schlauches, also, mit andern Worten, intercahar aber einscitig blasig vor- 
gewblbt,’’ unqucstionabl}^ make reference to broad attachment, the breadth 
here in question relates to the basal dimension of a laterally intercalary 
oogonium, and (‘Oiisequently is to be measured lengthwise along, not trans¬ 
versely across, the supporting hypha. 

The enwra])ment of tlie young oogonium by the young antheridium. 
which, as has been mentioned, is obscinalile in irrigated agar preparations 
at a very early stage, is shared in varying measure hy the distal portions 
of th(* hyphae bearing the developing sex organs. Often the antheridial 
branch (Fig. 18, A, b; B, b; E, b; F, b; G, b; L, b) winds half way arouml 
the oogonial stalk before extending its widened termination along or about 
the young oogonium. In the case of subterminal, laterally intercalary 
oogonia, the distal prolongation rather than the proximal supporting element 
is ol'ten enwrajiped by, or interlocked with, the antheridial branch (Fig. 
18, C, b; F, b; M, b). Hometimes, again, tin* antlieridial branch passes 
partly around the young oogonium before it engages with the oogonial 
stalk and extends its expanded termination over other regions of the globose 
body (Fig. 18, D, b). The close contact of oogonium and antheridium is 
maintained as both organs (*ontinue growing. While tlie oogonium merely 
rounds out into a more nearly spherical sha})e as it incr(*ases in size, the 
antheridium usually elongates considerably and at the same time otteii 
ramifies more or less (Fig. 18, C, b; D, b; F, b; G, b; II, b; I, b; K, b; 
L, b; M, b). Eventually Avhen the oogonium has attained its full growth, 
and its r(‘adiness for fertilization is made manifest by shrinkage of its lumpy 
contents from the enveloi^ing wall (Fig. 18, N; O, w, x), it may be found 
embraced by an antheridium consisting of 2 (Fig. 18, (), w), 8 (Fig. 18, O, 
x ), or 4 (Fig. 18, N) curving finger-like bi'anches measuring individually 5 
to 20 g in length and 2 to 4 q in wiilth. 

Branching of the antheridium is br>th le.ss frequent and less elaborate 
in Petri-plate cultures prepared from maizemeal agar soim‘what firmer than 
irrigated agar slabs yet not so firm as most gelose media employed in labora¬ 
tories. Usually in such cultures antheridial branching is represented only 

Somewhat imniatrirc unit of sexual apparatus without visi])Ie mycelial connection between 
api)oscd organs. G-I. Mature units of sexual apparatus, each contributed by a pair of 
hyphal elements without evident mycelial connection. 
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in simple dichotomy of the ypsiliform (Fig. 19, A, a), bilobate (Fig. 19, F), 
and biramous (Fig. 19, G) male organs that are observable in moderate 
numbers. Rather commonly the unbraiiched male cells here are of elongate 
saccate shape, i)erceptibly widened at the middle (Fig. 19, (\ D, E, H, I; 
Fig. 20, B-F). They mostly vary in length from 15 to 30 p and in width 
from 5 to 8 |j; their thickness often being siibstantially less than their width. 
Many are applied their entire length to the oogonium; some of the longer 
ones thus enfolding more than one-third of the circumference of the globose 
body ( Fig. 19, IT, 1; Fig. 20, B). Contrasting with the numerous antheridia 
that by their longitudinal application from base to apex recall tlie liomolo- 
gous organs of my Pijihium hclicoi(P (20,/p. 412-414) and others wliicli 
because of their application only along their distal half (Fig. 19, 1), F; 
Fig. 20, F) invite comparison rather with the anteriorly applied antheridia 
occasionally to be observed in my P. palingenes (23, p. 491, Fig. 8, (J). 
Somewhat as in irrigatc'd preparations, the antheridial brancli in softish 
agar cultures is often found wound about the oogonitii stalk to the extent, 
as was noted earlier (18, p. 444), of a half turn or whole turn (Fig. 19, 
A, a, b; B; C; F; H; Fig. 20, B). Even Avhere such involvement is absent, 
contact of the paired organs or, more especially, contact of their proximal 
parts, is often accompani(‘d by some more haphazard sort of engageimuit 
between the supporting hyphal elements (Fig. 19, G, 1; Fig. 20, C, 1), E, G) ; 
although in other instances no iiiterlocking of the supi>orting hypliae is evi¬ 
dent (Pig. 19, I), E; Fig. 20, A, F). 

In irrigated i)reparations the extensive eiiwrapment of the oogonium 
by the aiitheridium has apparently very little <lirect effeet in modifying 
the outward form of either orgau. Nor is eonspicuous modiiicatiou of 
shape evident in most units of sexual a|)|)aratiis produeed in rather soft 
maizemeal agar; though here an occasional oogonium may usually be found 
of which the envelope is broadly indented or flattened in the region of con¬ 
tact with the antheridium (Fig. 19, B; Fig. 20, G), so that it is brought 
snugly against the oospore wall in the region uiuhirlying the aiUlieridium 
and usually also in the antipodal region. In l*etri-plate cultui'es jirepared 
with maizemeal agar of customary firmness, sucli flattening of the oogonium 
appears as a virtually (constant character, and is commonly associated Avith 
rnalfonnation of the antlnu’idium often so pronounced that this oi’gan offers 
an appearance unknown among corigerierie sp(*cies. The scope of di^formity 
displayed in cultures prepared Avith liard agar is l)y no means exaggerated 
in the assortment of misshapen male cells illustrated in P>rauiFs draAvings 
(8: Plate 5, B-D). While conveniently helpful in identifying the species, 
the bizarre"conformation of .such antheridia would seem perhaps more nearly 
a teratological feature than a character pertaining to normal morphology. 
OAving to the very early apposition of the male and female elements the 
antheridium in a somewhat unyielding ambient is necessarily subjected 
throughout the period of its growth to persistent pressure arising especially 
from the simultaneous expansion of the more massive oogonium; and thus 
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Fig. 20. Mature sexual rt ])r(Mliictjve apparatus of Tythium vexans drawn with tlie 
aid of a camera lucida from Petri plate cultiircs prepared from maizemeal agar of only 
moderate firmness; x 1000 throughout. A-E. Units of apparatus with obvious mycelial 
connection between oogonium and antht»ridium; the anth(*ridiura in A, of deep yellow 
coloration, being applied distally to the oogonium; the antheridium in B-E being empty 
and colorless and in a deceptive? manner having its basal attachment spatially near the 
base of the oogonium. F, G. Units of sexual apparatus without evident mycelial cpnnec* 
tion; the empty antlieridium in either unit has its base some little distance from the base 
of the oogonium, but in G a short spur of the supporting branch helps to give somewhat 
the appearance of close monoclinous relationship. 


r. Brechaler del. 
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is squeezed or constrained to grow into a flattened sliape fitting the flattened 
or indented shape of the oogoniuin. In expanding jointly against the physi¬ 
cal resistance of the ambient, the genei*al tendency is for the 2 apposed 
organs to assume shai)es such that tlie combined unit of sexual apparatus 
will have a more or less subspherieal compact form. As might be expected, 
th(‘ proximal portion of the antheridium is in many jnstances less affected 
])>' this tendency than tJie median and distal portions. 

Although the bilobate ypsiliforin antheridium figured by de Bary was 
mentioned as illustrating a male cell of iinusual outward form, it yet pro¬ 
vides the most important clue whereby Braun^s geranium pathogen ('an be 
rtd'ei'red to Pytlimm vexans. Among th^* members of the genus wliose 
oogonia and oospores approach at all closely the measurements for diameter 
gi\en by de Bary, I have found such bilobate antheridia only in the par¬ 
ticular species here under consideration. Bilobate branching has been noted 
occasionally in P. hclie&kles and in P. palingcnes (23, p. 491, Fig. 8, F; ]). 
492) where the elongated antheridium is similarly applied lengthwise in its 
extensive enwrapment of the oogonium; but these 2 species, as also tlie 
allied P. (ycdochilnm Drechsl. (23, ]>. 478-486), lune oogonia and oospor(‘s 
('onspicuously larger, not smaller, than those of P. dcharyanum and P. 
nliimiim. The antheridium of semicircular profile shown in one of de 
Bary’s figures (4: Taf. Fig. 3j is aptly illustrative of the usual appear¬ 
ance presented by the elongate antheridium of BrauiFs fungus whmi it is 
applied in an eipiatorial region of the oogonium with its long axis oriented 
vertically or nearly vertically, that is, hi a direction nearly parallel to the 
line of vision. The very close aiulr(»gynous relationslii]) figured by d(' Bary 
in. 2 instances (4: Tal*. V, Fig. 3, lower rigid ; Fig. 4), wduu'ein the an- 
theridiiim is borne ou a ^ short stalk arising from the oogonial hypha in 
immediate iiroximity to the oogonium, has not been r(‘cognized with ceifainty 
in my material. Quite* frecpiently iu mature reproductive apparatus tin* 
antheridium, because of tlie position ol' its basal seiitnrn, offered mnch tin* 
appearanci*. of arising in such close monocliuous r(*lationship; but in these 
iust^nc(*s wherever on careful scrutiny tin* liyplial connections could be 
accurately aseertfiined tlie male c(*Jl was found borne on a separate braneli 
(Fig. 19, A, a, b; B; C; F; 11; 1; Fig. 20, B E). N(‘ith(*r has an immediate 
androgynous relationsliip been r(*vealed unmistakabiy in young sexual 
apparatus (Fig. 18, A-M) wln*re all parts are filled with living jirotoplasm 
and thus are most favorable for observation. Later, when the supporting 
hyphae have been evacuated, their thin, highly transparent membranous 
envelopes often become so faintly visible as to tax the capabilities of a good 
modern microscope with good illiuniiiation. Since, further, the tubular 
membranes near tlie base of tlie oogonium are often more or less intertwined 
or interlocked, optical difficulties intrude tliat would seem well b(\yond the 
capacities of the microscopes in use 65 years ago. In fine, regardless of 
whether the very close monocliuous relationsliip figured by de Bary is absent 
in Braun’s fungus, or whether it is perhaps occasionally present there, tlie 
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very frequent and persuasive simulation of siieh relationship in my cultures 
appears under the cireumstances to provide sufiScient resemblance for iden¬ 
tifying the fungus with P. vexam. 

The passageway through which the anthcridial contents migrate into the 
oogonium is generally even more difficult to see than the hyphae supporting 
the sex organs. In my material it has been most clearly discernible when 
observed in profile view in ripened units of sexual apparatus wherein at 
least locally the oogonial envelope lay in contact with the oospore; the fer¬ 
tilization canal then appearing merely as an aperture, 1.5 to 1.9 jj wide, in 
the oogonial envelope (Pig. 21, A, B). At maturity, the oospore, commonly 
12.5 to 16 g in diameter and somewhat loosely contained in .‘in oogonial 
envelope 16 to 21.5 g in diameler, reveals tJie unitary organization frequent 
among members of the genus; its wall, mostl\' 1 to 1.5 g thick, surrounding 
a finely granular layer of protoplasm Avliich encloses a single reserve globule, 
usually 6 to 9 g wide, as well as a single globose or slightly flattened refrin- 
gent body ordinarily 2.6 to 4 g in diameter (Fig. 19, A. b; B-E; G-I; Fig. 

20, A-G). In maizemeal-agar cultures 110 days old fully 9 out of 10 
oos])ores showed no change with respect to internal structure, tliough some 
i'ew specimens now revealed 2 rerringent bodies. Desj)ite tlieir inert be¬ 
havior in a stale ambient, the oospoi’os, when transferred to a shallow layer 
ol! distilled water, germinated readily by production of zoospores. l)c Bary 
r<M.‘()gnized the capacity of newly ripened oospores to germinate by the pi*o- 
dnction of swarrners as a characteristic attribute of Fyihnm vcxans; and 
in my material likewise no (extended resting period lias been recfuired for 
such dcveloi^ment. Like the zoosporangia of mycelial origin among which 
they developed, oospores taken from maizemeal-agar cultures 40 days old 
produced swai*m spores freely. Fairly abundant development of zoosjiores 
ensued also after irrigating oospores removed Avhen the cultures were 110 
days old, and again when they were 150 days old. 

During the earlier stages of germinative development in an oospore (Fig. 

21, A, C-E) the reserve globule changes from a s|)herical to a somewhat 
irregular shape, while at the same time the refringent body undergoes division 
into 4, 5, or 6 bodies appreciably smalhu* than their ])arent. Gradually the 
plural refringent bodies become less clearly recognizable, and before long 
are lost to view in their granular matrix. The reser\'e globule also loses 
some of its distinctness without, however, vanishing from sight, Tlie inner 
layer of the oospore wall, Avhich as a rule equals or slightly excetids the outer 
layer in thickness, takes on more and more the appearance of the iirotoplasm 
bordering it, and finally merges indistinguisliably with the granular mass. 
The persistent outer layer then dissolves in a circular area 2.5 to 5 q wide, 
permitting the protoplast to protrude against the oogonial envtdope (Fig. 
21, F). This envelope likewise gives way, and the protrusion emerges exter¬ 
nally as a germ tube, except that in occasional instances an overlying an- 
theridium interposes an additiemal membranous barrier (Fig. 21, G). Often 
before it has attained a lengtli of 25 q, the germ tube forms a cap of deliis- 
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Vui. 21. Drawn with tlu! aid of a eanicra Incida; x 1000 throughout. A-Y^. Germi¬ 
nation of oospores of Pj/lhium wxnufi from inaizemeal agar plate eiilturea 5 months old 
A. Ooaporo showing modification in internal organization preliminary to germination; 
f u'tilizatiOTi passage visihh^ in profile view about 2 ^ to left of septum delimiting the 
aiitheridium. B. Oospore that germinated Avithoiit reducing the thickness of its wall; 
a striietiirally distinct sporangium within the oospore chamber has left its empty envelope 
continuous with the evacuation tube; showing also the fertilization passage in profile near 
the middle of the region covered by the antheridiiim. C%-E. Oospores revealing onset 
of germinative development in irregular outline of reserve globule and in presence of 
several refringent bodies. F. Oospore whose protoplast has assimilated a thick inner 
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eenec, which yields to permit migration ot‘ the protoplasmic materials (Fig. 
21, PI) into a terminal vesicle where they are fashioned into zoospores. 
Aftei* the zoospores have been liberated the rim of the empty evacuation 
tube is usually found reflexed (Fig. 21, B, t; I-L: t) much as in sporangia 
of mycelial origin. Usually wdien the evacuation tube is followed backward 
it is found to b(* contiiiuous with the persistent oiittu' layer of the oos})ore 
wall (P^ig. 21, J-K). Now and then, however, it appears to be continuous 
instead with a separate sporangia] envelope either nested within the fre¬ 
quently somewhat irregular contour of the yellowish residual layer (Fig. 
21, L) or, in the occasional instances where the inner layer has not been 
digested, nested within the undiminished oospore wall (PMg. 21, B). 

Apart from the type of oospore germination wherein the rather broad 
germ hypha J'unctions directly as an evacuation tube—a ty})e already 
ascribed to Pythium vcxam by de Bary—germination in my irrigated 
preparations has often taken place by the emission from the individual 
oospore of a sonunvhat narrower germ hypha that i'ulfills its function by 
bearing at its tip a sporanginrn into which the entire protoplasmic contents 
are received (Fig. 21, M, N). This sporangium not uncommonly is of citri- 
form sha])e, being often provided at tlie apex with a short protuberance or 
beak rather suggestive of the j)rominent papilla familiar especially in certain 
s|)ecies of Phylophthora, as, for example, P. cactomm (Lebert & Cohn) 
Scliroeter. The beak represents an incipient evacuation tube, which fre¬ 
quently, after some slight elongation, yields at the apex to permit the granu¬ 
lar cont(‘nts to migrate* into a terminal vesicle for transformation into zoo¬ 
spores; the rim of the empty tubular membrane becoming reflexed (P^ig. 21, 
O, t) in the manner usual for the species. The length of the sporangiferous 
germ liyj)ha varies usually from 10 to 50 p (Fig. 21, M-O), yet sometimes it 
exceeds 100 p. In many instances, however, similar germinative develop¬ 
ment takes place without any germ hypha being extended at all; the spo¬ 
rangium (Fig. 21, P~ U) here being formed sessile on the oogonium in such 
wise that after evacuation its membrane is found directly continuous with 
the residual outer layer of the oospore wnll nested within the oogonial en¬ 
velope, though its basal septum, wdiich usually is found in approximate 
alignment with the spherical oogonial contour, separates its empty chamber 

Inycr of tlio wall and has pushod a protriusion through an opening in the outer layer 
against the oogonial envelope. G. Oospore whose germ tube* has broken through the 
oogonial envelope and is pushing against the farther wall of the overlying antheridium. 
H. Granular contents of oos])ore migrating into a vesicle through an evacuation tube con¬ 
spicuously widcjicd in tlu^ spaci‘ Ix^tween the oospore wall and tlu^ oogonial envelope. I-L. 
f]ini)ty membranous envelopes left behind after escape of swarm spores brought into being 
following direct conversion of oospore into a zoosporangiiim. M, N. Oospores, each of 
which has germinated by producing a sporangium at the tip of a germ hyi)ha. O. Oospore 
that produced a sporangiuiii on a germ hypha; the sporangium later becoming evacuated 
in giving rise to zoospores. P--T. Oospores, each of which productnl a sy)oranginm sessile 
on the oogonial envelope; the sporangium then becoming evacuated in giving rise to zoo¬ 
spores. U. Oospori^ that gave ris(> within the empty overlying anth(‘ridinm to a sporan¬ 
gium which subsequently becaTne evacuated in jiroducing swarm spores. V. Oospore with 
germ hypha appanuitly of vegetative character. W-Y. Zoospores illustrating stages in 
the emergence of a secondary motile swarmer. Z. TTypha of F. vexans, a, attacked by 
branches of Aphanoviyccs eladogamiis (spinach strain), b. (t, evacuation tube.) 
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from the equally empty chamber of the oospore. When fully j^rown such 
sessile sporanjiia, like those borne on germ hyphae, are often provided indi¬ 
vidually with a distal beak, which, again, usually on ineager elongation, 
functions in conveying the protoplasmic contents into a terminal vesicle, 
and thereafter appears as a short membranous tubulure with reflexed rim 
(Fig. 21, 1’, t; K, t; S, t). Sometimes an empty reflexed evacuation tube 
arising from the distal end of a sporangial euvtVIope measures more than 
20 p in length (Fig. 21, T, t); wherefore it is evident that the apical beak 
may elongate rather considerably before serving in discharge of the sporan¬ 
gium. On the other hand, the beak oceasionally undergoes no elongation 
and takes no part in dehiseenee; discharge^ then being effected by means of 
an evacnation tube having a separate oi-igSi (Fig. 21, Q, t). Now and tlien 
the germ hypha, after having forced its way through tlie oogonial envelopt* 
or grown through the fertilization canal, enters the empty chamber of tln^ 
antheridium to produce there a terminal sporangium wliich consequently 
has to thrust its evacMiation tube ( Fig. 21, F, t) through the antlieridial mein- 
l)rane to form a vesicle outside. Extension of a germ tube beyond a length 
of 50 q or 75 \.i ( Fig. 21, V) often betokens the beginning of mycelial growtli 
and incapacity for immediate development of zoospores. The swarm spor(‘s 
l)rodueed in the germination of oosjMjres agree morphologically with thost* 
produced from sporangia of inycelial origin; and it seems wholly fortuitous 
that protrusion of a papflla by encysted zoosi)ores (Fig. 21, W, X) pre¬ 
liminary to emergence of the protoplast (Fig. 21, Y) in the repctitional 
development of a sc'cond swimming generation, has so far come under my 
observation only in some irrigated preparations cantaining swarm spo!*(‘s 
tliat originated exclusively from oospores. 

The frequency of an apiculaie sliapc among sporangia produced from 
oospores would seem related to tin ir habitually terminal development eitliei* 
on the tip ot a germ hypha or directly on the oogonial envelope. Sporangia 
of similar conformation arc found borne terminally also in maizt‘meal-agar 
cultures and iiTigatcd preparations but there invite little attention, being 
often greatly outiuimbered by sporangia or coiiidia of generally subspheri- 
(*al shape that occur in intercalary or subtei*minal positional relationships. 
Ihe apiculate sporangia of the fungus contribute to the parallelism with 
Pyihrum helicoides and P. pahnf/enes sho^vn more especially in its fre¬ 
quently elongated clasping antlieridia. 33iis parallelism is snstained further 
iu the tendeuev of the sexual appai'atus to take on a peculiar deep vtdlow’ 
eoloiation distinguishable {roiii the yellowish coloration widelv prevalent 
among species of Pifilivum, not only by its greater intensity but also by its 
different distiubution. For while in P. vexam, as in nearly all congeneric 
forms, the ordinary yellowish (n)loratiou is concentrated mainly in tlie 
oospore wall, the more unusual coloration most often pervades the interior 
of tlie antheiidium, giving tliis organ an appearance as if it were filled witli 
yellow, transhu'ent, homogeneous or faintly granular material (Fig. 20, A), 
thougli the presence of a mature oospore of correct internal organization 
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Pig. 22. Aiitagoiiistie and parasitic relationships; drawn with the aid of a camera 
Incida; x 1000 throughout. A. Hypha of Pythmm a, attacked by ramifications of 

Pythmm acanthicum, b. B. Ilypha of Pythivm undulatum Petersen sensu Dissmann, a, 
attacked by ramifications from filaments of Plectospira myriandra, b and c. C, D. Hyphae 
of Pythium undulatum Petersen aensu Bissmann, a, attacked by ramifications of Pythium 
oligandrumy b. E—H. Hyphae of Pythium undulatum Petersen sensu Bissmann; a, at¬ 
tacked by Pythium acanihicumy b. I. Hypha of Pythium undulatum Petersen sensti Biss- 
imnin, a, attacked bv Pythium prriplocum, b. 
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may {:rive ample proof of effective fertilization. Often the same coloration 
likewise permeates thorou^dily the space bet^veeii tlie oogonial enveloiie and 
the oospore. In F, vc/xans^ as in P. helicoides and P. palingcnes, such colora¬ 
tion, if of moderate intensity, is not usually concomitant Avith perceptible 
abnormality of structure; yet when widespread dej^eneration of sexual 
apparatus occurs in these 3 species, it is often accompanied by intense 
coloration. WhateA^er the nature of the coloration may be, its development 
in P vexmis, together with resemblances in antheridia and sporangia, sug¬ 
gests tliat the fungus may perhaps be someAvhat more closely related to the 
helicoides series than most of the numerous congeneric forms similarly haA^- 
ing nonproliferoiis sporangia and oospores o| unitary internal organization 
The species, as was noted, has been isolated from discolored tomato root¬ 
lets, and thus is known to occur on the same host as tlu‘ saprolegniaceous 
form i have described as Plcelospira myriandra (15). AVhen ir is grown 
in maizemeal-agar plate cultures in op])osition to that Avater mold its advance 
is halted abruptly at the line of encounter, its individual liyplun' (Fig. 16, 
C, a) being made to degenei’ate internally soon aft(U’ they hoAc^ hecoine 
elaborately investt‘d by short bramdies (‘xtendiui J‘rom the main tilaments of 
the opponent mycelium (Fig. 16, C, b). LikcAvisc when it is grown in oppo¬ 
sition to tlie saprolegniaceous root-rot fungus Aphanoniyces ctadogamus, 
with Avhich it shares common host relationships througli its known occur¬ 
rence in roots of tomatoes, spinach, and pansies, its mycelial advance is 
abrui)tly halted at tlie line of encounter, and its hyphae at the J'orefront 
(Fig. 21, Z, a) suffer visible degeneration promptly after they have becMi 
enA\Tapped by elaborately ramifying branclies from filaments of the watei* 
mold (Fig. 21, Z, b). tlroAving in the presence of Pyfhriim periplocuni the 
species often shows markedly varied behavior in different portions of the 
same Petri-plate cultui-e. In some regions many of its hyphae (Fig. 16, 
1), a) may become extensively if somewhat loosely invested by ii-n^gular 
branches arising from the filaments (Fig. 16, D, b) of the spiny i’orm' and 
then suffer invasion by assimilative elements intruded into them, in other 
regions its hypliae not onl.y remain wholly unharmed but are found bearing 
rather massive appressoria (Fig. 16, E, a; F, a), each of them affixed apically 
to a fihnnent (Fig. 16, E, b; F, b); a short, frecpiently lobate 

piotiusion Avliicii extends from the tip of the appressorium into a thick 
deposit of golden yellow substance within the filament indicating that inva¬ 
sion was stopped by secretion of a defensive barrier. When the species is 
gioAvn in 1 etii-platc culture's in opposition to Pythiuni acanih'icuTyt, many of 
its li,>phae (Fig. 16, G, a; big. 22, A, a) along the zone of encounter become 
enveloped fiy intricately ramifying branches of the echinulate fungus (Pig. 
lb, G, b; big. *-2, A, b). Ihe injury sustained appears usually not Aerv 
sorious, ^:or although some of the invested filaments suffim* internal degenera¬ 
tion while otheis in addition are invaded by assimilative elements, envelop¬ 
ment in numerous iiistanees seems not to residt in any abjiormal cliaiiges. 
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PYTHIUM ANANDRUM 

Since the descriptive account (20, p. 415—420) supplementary to the 
original diagnosis (17, p. 410-411) of Pythium anandvum was written, the 
fungus has been isolated by Hickman (28) from strawberry {Fragai'ia sp.) 
roots received from Scotland, and, besides, has been made known by Mid¬ 
dleton (34) as occurring in the United States on cucumber fruits, bean 
roots, and spinach roots. In view of the wider liost range and raoi-e exten¬ 
sive geographical distribution thus disclosed, it is of moment that the main 
difficulty hitherto experienced in trustworthy identification of the fungus— 
the difficulty of obtaining the papillate zoosporangia distinctive of the species 
through irrigation of young mycelium—can be circumvented advantageously, 
if the o{‘casion is not too pressing, by using, instead of young mycelium, the 
parthenospores always abundantly formed in maizemeal-agar cultures. 
Structurally separate zoosporangia of the sort most helpful in making de¬ 
terminations are commonly formed in ample <|uanlity by germinating par- 
tlienospores even though many parthenospores dispense with the develop¬ 
ment of such bodies in giving rise to swarmers. The behavior of the fungus 
in the laboratory suggests tiiat under natural conditions P. anandrum may 
very probably produce its zoos])ores in larger measure in the germination 
of its parthenospores than from its sporangia of mycelial origin. 

On transfer to a shallow layer of water, parthenospores of Pythium 
avrrndruni taken from a, rnaizemeal-agar plate culture 11 days after planting, 
that is, only a few days after they had achieved the unitary internal organi¬ 
zation of maturity, showed germination in scattered instances. AVheri the 
cultures were 90 days old, nearly all of the parthenos])ores gerniinated on 
similar treatment, Avitli few exceptions giving rise to swarm spores. In the 
earliest laMfognizable stage of germinative development, 2 (Fig. 23, A) to 
4 (Fig. 24, A ) refi-ingent bodies, evidently d(‘rived by division of the single 
refriiigent l)ody present i'arlier, may be seen in the finely granular parietal 
layer of protoplasm. The reserve globule, wliich during the resting x>eriod 
has an accurately spherical boundary, now shows a noticeably irregular con¬ 
tour; and the inner layer ol* the oospore wall, embracing about two-thirds 
of the thickness of this envelope, reveals closely arranged radial linear mark¬ 
ings (Fig. 23, A). Through further change the inner layer of the wall 
gr*adually l)ecomes indistinguishable from the granular layer in contact Avith 
it (Fig. 23, B), and soon its substance amalgamates with the protoplast, 
which thus becomes expanded to reach the [)ersistent outer layer of the wall. 
This outer layer dissolves in a round area 2.5 to 8 g wide, i)ermitting the 
protoplast to protrude against the oogonial eiwelope. When the oogonial 
envelope likewise gives way locally, the protrusion pushes out as a germ 
hyj)ha (Fig. 23, C, t; Fig. 24, B, t; C, t). Germ tubes destined to function 
directly as evacuation tubes grow out, often with abrupt change^ in direc¬ 
tion, to a length of 10 to 65 g and at a width varying commonly from 4.5 
to 6.5 |.i (Fig. 23, D-G : t; Fig. 24, D, t; E, t), though here and tliere some 
may ex])and locally to a width of approximately 10 [i (Fig. 23, G, t ; Fig. 
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Fig. 23. Gerniiiuition of purtliomnspores of Tyihiwm anandrum from maizeineal agor 
colturoa 3 months old; drawn with the aid of a camera, hicida ; x 1000. A, B. Partheno- 
spores showing rmset of genninativo development in assimilation by protoplast of inner 
layer of wall, in irregular outline of reserve globule, and in presence of plural refringent 
bodies. 0. Parthenospore that ha.s resorbed inner layer of wall and exttunh'd a germ tube 
through oogonial envelope. 1). Parthenospore that has discharged its contents by way 
of a long evacuation tube into a vesicle w^hieh has disappeared; the resulting zoospores 
having encysted in place. E-T. Membranous envelopes left beliind after escape of the 
zoospores formed throngli conversion of parthenospoves directly inio sporangia. J. Par-' 
tlienospori', a, that has produced a sporanginin, b, sessile on the oogonial envelope. K, L. 
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24, E, t ). A very small partlienosporo measurinjr approximately 12 p in 
diameter may prodiiee an evacuation tube scarcely 5 o lonji’ and 3 p wide 
23, II, t; I, t). In the vesicle formed apically when the protoplasmic 
contents of so small an oospore floAV through the minute evacuation tube only 
2 zoospores are fasliioned. The granular materials from an oospore 27 p in 
diameter (Fig*. 23, D) are sufficient for about 12 swarmers. Ah many as 15 
or 16 zoospores liave been produced in the largest parthenospores, which 
measure 29 p or 30 p in mean diajiiefer (Fig. 23, G; Fig. 24, E). Individual¬ 
ization of the motile spores always takes place within a vesjcle after the 
manner usual in the genus. If from lack of water tin* vesicle disintegrates 
s(mjewhat i)rematurely th(‘ developing zoospores often eiKwst in irregular 
shapes to form a cluster near the open end of the evacuation tube (Fig, 
23, D). 

The parthenospores of Pifthlum (iHandrum, like the homologous repro¬ 
ductive bodies of P. sal pin go ph or urn and P. vexavSf give rise to swarmers 
not only by becoming directly transformed into zoos)>orangia, but also, as 
has been intimated, by producing sporangia structurally distinct from them¬ 
selves. In instances of the latt(‘r type of germinal ive development the germ 
hypha may attain a huigth exceeding 200 p before its ti]) begins to expand 
in initiating the formation of a terminal apically papillate elongated-ellip¬ 
soidal sporangium which receives all or very nearly all the protoplasmic 
(ronfent of tlie ])ai*thenosi)ore before it is delimit(*d by a basal septum. 
AVhere th(‘ layer of' water is kept shallow, so that deep immersion is avoided, 
t h(‘ si)orangiferous germ hypliae only occasionally will exceed 100 p in 
length (Fig. 24, F), and most often will measure less than 75 p in this 
<limension (Fig. 24, G). They connuonly vary in width from 3 to 5.5 p 
(Fig. 23, K, L; Fig. 24, F, 0) and thus are appreciably narrower, besides 
being less irregidar in course, than germ hyphae destined to operate as 
evacuation tubes. In meagerly in-igated preparations a s))ecial sporangifcr¬ 
ons hypha is freijuently dis))ensed with altogether, as tlie germ tube here 
often widens immediately after jnisliing through the oogonial enveloj)e (Phg. 
23), d, a) and'forms a sessile sporangium (Fig. 23, J, b) delimited at the base 
by a septum flusli with the j^artheuospure membrane. A sporangiferous 
hypha may not be formed e^'ell where the germ tube elongates as a stout 
filament for some distance outside of tin* oogonial envelope, since the basal 
septum delimiting (lie sporangium is sometimes laid down as a broad convex 
partition within the ehambei' of the ])arthenospore (Fig. 24, H). At times 
a germ tube tliat'elongated externally as a filament only for a few microns 
may nevertheless furnish a recogiiizalde, if shoi*t, supporting stalk (Fig. 

Parthenospores, a, of wljieh eaeli produced a s]>or:iiigium, b, at tlie toid of a germ liypha; 
tho sporangia, later becoming evacuated in giving rise to swarm spores. M~P. Kncyst(*d 
zoospores. Q-S, Encysted zoospores, showing different stages in production of an evacu¬ 
ation tube for emission of a secondary motile sw.urmspore. T-Z. Empty cyst envelopes 
left behind, after es<'ape of a secondary motile zoospore from each. AA. Membranous 
envelopes evidencing production by encysted zoospore, a, of a minute zoosporangiuni, b, 
at the tip of a germ tube; the .spor.-nigium tlien having prodiic(*d a se<'ondary motile sw.'irm 
spore, (t, evacuation tube.) 
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Fia. 24. Gormination of parthonospores of Pythium anandrum froio maizerneal-agar 
plate cultures 8 montlis old ; drawn with the aid of a camera lucida; x 1000. A. Partheiio- 
spore showing onset of germinative development in assimilation by the protoplast of inner 
layer of wall, in irregular outline of reserve globule, and in presence of plural refringent 
bodies. B, C. Parthenosporcs that have resorbed an inner layer of wall and extended a 
germ tube through oogonial envelope. D, E. Membranous envelopes left behind after 
escape of zoospores formed through conversion of parthenospores directly into sporangia. 
P, G. Parthenospores, a, each of which has produced a sporangium, b, at the end of a geriA 
hypha; the germ hypha in G emerging from one of the oogonial spines. H. Partheno- 
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24, 1); whereas at othei' times a germ tube tliat elongated externally as a 
fiJament for fully 10 n before widening may come to constitute the con¬ 
stricted median portion of a dumbbell-shaped sporangium one of whose ex- 
})anded parts is dee])ly nested within the ehainlxu' of the parthenospore (Fig. 
24, J, a), while tlie other oeeupies a position corresponding to the usual 
position of a stalked sporangium (Fig. 24, J, b). In instances of such 
I)art]y endogenous origin of the germ sporangium, the obvious separateness 
of the sporangial A^all from the iiarthenospore membrane suggests that 
Avlicre the emj)ty e\'aciiation tube in P. vexans is found continuous with a 
separate membranous envelope deeply* inserted into the chamber of the 
oospore (Fig. 21, P>, L), formation of swarm spores came about by d<^velop- 
ment of a wbolly endogenous s])oriuigium rather than through direct conver¬ 
sion of tlie oospore into a sporangium. 

Germ sporangia, when borne terminally on germ liyphae (Fig. 24. F, b; 
G, b) or sessile on oogonia (Fig. 23, 4, b). correspond well in their gen¬ 
erally ellii)soidal and distally papillate shape to the sporangia of mycelial 
o]‘igin that were described earlier. While the apical papilla here likewise 
often forms a cap of dehist*eiice dir(‘ctly, so that the vesicle into Avhich the 
protoplasmic materials migrate is often sessile on the sporaiigiiim, numerous 
instanc(*s came to light in Avhich the papilla t‘longated materially before 
discharge took i)laee (Fig. 23, J, t; Fig. 24, G, t). Consequently the empty 
sporangial envelope was often found extended distally into an evacuation 
tube varying mostly from 1 to 10 p in length (Fig. 23. K, t; L, t; Fig. 24, 
I, t; J, t). Sometimes, though less frequently than in Pythinm vexans, the 
evacuation tube was found in a position apart from the apical papilla. Pro- 
liffu’ous development of sporangia, such as takes place rather sparingly 
when young mycelium in agar slabs is irrigated, has never been observed in 
tlie germination of i)arth(‘n()si)()res. Lack of renewed sporangial growth here 
has sufficient explanation in the limited volume of the parthenospore; for 
even when a relatively large specimen contributes its entire contents, the 
resulting s|)orangium is yet substantially smaller than the average sporan¬ 
gium of uiyeclial origin. Nor have parthenospores ever been observed giv¬ 
ing rise to plural sporangia on separate germ liyphae. 

It is not evident that the zoospores brouglit into being through germina¬ 
tion of partlienosporcs dilfer from those produced aftiT appropriate irriga¬ 
tion of young myi'clium. In a random assortment of encysted individuals 
(Fig. 23, M-P; Fig. 24, K-8) some may usually be found to measure only 
10 11 in diameter (Fig. 23, N, P; Fig. 24, K). Smaller size of cysts is some¬ 
times partly attributable to prevalence of repctitioual development. Most 
i'rcquently such develojuucnt is initiated by the vyst through extension of an 

siioro, a, that has produced a sporangium, b, partly Jii.st^rted into the chaniber of the par- 
thenosporc envelox)e. I. Parthenosj^ore, a, that has produced a sporangium, b, on a very 
short stalk; the sjiOTangiiini later having become evacuated in giving rLse to swarm spores, 
d. Parthenospore, a, that produced a sporangium, b, witli a basal i>art deeply nested witbin 
the parthenos}>oro envelope; the whole .s]u)rangium having become evacuated in giving 
rise to zoospores. K-S. Encysted zoospores. T-V. Emj)ty cyst envelopes left behind 
after escape of a motile secondary zoospore frcmi e.ach. (t, evacuation tube, i 
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evacuation tube (Fi". 23, Q-S) 1.8 to 10 long and 2 to 4 p wide. The 
enii)ty cyst envelope left after the secondary zoospore escapes from the small 
terminal vesicle shows considerable variation with respect to the length, 
wddth, and shape of the open membranous tube (Fig. 23, T-Z; Phg. 24, 
T-V). Empty membranous envelopes (Fig. 23, AA) were occasionally 
observed that supplied evidence of less direct repetitional development; 
the primary zoospore (Fig. 23, AA, a) in eacdi instance having manifestb/ 
given rise on the tip of a germ tube to a small sporangium ( Fig. 23, A A, b) 
which then extended an evacuation tube to i)ermit escape of the contents 
into a terminal vesi(*le for transformation into a secondary swarmer. 

When Fythium nnandrum is grown in maizemeal-agar plate cultures in 
opposition to P. oiiyandrum, its mycelial advance is halted at the zone of 
encounter, and along this zone many of its hyphae become loosely enwrapped 
with hyphae and branches of the more delicate spiny form. Such enwrap- 
ment is usually soon followed by visible degeneration of protoplasmic con¬ 
tents. Some of the invested filaments (Fig. 25, A, a) further undergo 
invasion lengthwise by numerous assimilative elements intruded here and 
there by branches and diverticula arising from oligandrnm filaments (Fig. 
25, A, b-d). When tin* fungus is grown in opposition to P. aeanthicum 
its mycelium is likewise halted at the zone of encounter; its hyphae at the 
forefront (Fig. 25, B, a; C, a) again becoming abundantly enveloped by 
intricately ramifying branches of the less robust eehimilate species (Fig. 
25, B, b; C, b). Many of the enveloped hyphae rupture near the tip, releas¬ 
ing considerable (piantities of protoplasmic material. In any ease the 
hyplial contents soon take on the somewhat opaque appearance associated 
with degeneration (Fig. 25, B, a). Often, besides, the enveloped hyphae 
are invaded b}' irregularly ramifying assimilative elements (Fig. 25, C, a; 
D; E) whieh after appropriating the granular materials will frecpiently 
push out through the confining membrane to extend the infection, if possible, 
to neighboring hyphae. Similar injury is sustained hy P. anandrum when 
it is grown in opposition to P, pvripJocnni. Along the zone of encounter its 
liyphae (Fig. 25, F, a; G, a) are promptly arrested in their gro^vt.h as they 
are beset by intricate rainifications extended from the pcriplocum filaments. 
The hyphae attacked soon take on a darkish appearance; their degenerating 
protoplasm in many instances being appropriated by assimilative branches 
invading them longitudinally (Fig. 25, F, G). When P. anandrum is grown 
in opposition to Phetospira- myriandrn, its mycelial advance, again, is 
abruptly halted at the zone of encounter. Its hyphae (Fig. 25, H, a; I, a) 
at the forefront beeoine env(*lox)ed by ramifications put forth from filaments 
of the saprolegniaceous fungus (Fig. 25, II, b; I, b). Such envelopment 
is regularly followed by internal degeneration, and often also by invasion 
with assimilative branches. Under similar conditions the related Ap/mao- 
myccs cladogamus likewise arrests the mycelial advance of P. anandrum at 
the zone of em'ounter; many of the Pyihlum hyxihae (Fig. 25, J, a; K, a) 
soon becoming enwra|:)ped by brandies extending from Aphanomyces fila- 
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iTieiit>s (Pij?. 25, J, b; K, b). The enwrapped portions oi liyphae degenerate 
internally, and frequently, moreover, undergo invasion by assimilative 
])ranelies of the sajrrolegniaeeous species. 

PYTinr'M UNDULATUM PETERSEN SENSE DISSMANN 

In the welbknown account of Danish fresh-water pliycomycetes published 
hy Petersen in 1909 (37) and again in 1910 (38) this author describes as a 
new species under the binomial Pifthima vudidaf uni a fungus he had found 
iiving esi)eeially on the leaves and ])etioles of both the white waterlily, 
Nympliaea (iiha \i., and tlie European yellow |M)ndlily, Awp/wr luteum (L.) 
Sibth. and Smith, tlunigli occasionally occur ring also on the buds of these 
aquatic phanerogams and on old fruits of iris as well as on branches of 
trees. Its extramatrieal mycelium was set forth as consisting of un¬ 
branched, more or less undulating liyphae, often several millimeters long 
and 3 to 6 q wide. To the species were ascribed terminal (rarely lateral ) 
e llipsoidal sporangia, about 130 g long ami 50 q wide, which sometimes were 
[U’ovided with a small apical papilla. The sporangia ^^'ere stated to open at 
the apex, sometimes Avith a papilla; no explanation being given, however, as 
to whether the papilla was always operative in dehiscence Avhen it was pres¬ 
ent, or by what means dehiscence was accomplished when it was absmit. 
Laterally biciliate zoospores similar to tliose of Piftlnnm, it was asserted, 
issued forth, measuring 15 to 20 ti in length presumably whilo in their 
motile condition rather than after their encystinenl. Despite the phrase 
‘'in vesica ut in Pythio,’’ the sequence in wliich the descriptive details are 
giv(‘n leaves uncertainty, as Blackwell, AVaterhousr, and Tliomi)son ( 7, p. 
154) have justly intimated, Avhether the zoi^spores are rt*ally fashioned within 
a. Pythiurn vesicle, or Avhetlier, as soiuetim(‘s hapi>ejis among species of Phy- 
iopkihora, they are surrounded for a very short time in a highly evanescent 
vesicle after being discharged from tlie sporangium in a full-fledged state. 
After escape of the zoosjiores new sporangia ari' sometimes formed Avithin 
the old ones, while at othe]’ times the supfiorting hy])ha ])roduces a sporan¬ 
gium after growing lengthwise through the empty envelope. The proto¬ 
plasm was characterized as refractive, and the memliranes of the liyphae 
as more or less broAvnish. Of the several sporangia sliOAvn in Petersen’s 4 
relevant draAvings. 2 are filled Avith contents and slu»w an apical [u-otiiber- 
aace that might repi-v'sent either a very prominent sessile papilla or a short 
evacuation tube (37: Fig. VTII, a (right); d); one of these two being borne 
i\t the tip of a Iryplia in a group Avitli 2 empty sporaiigial envelo])es (‘37: 
Fig. VIII,"a, top, left) Avbich reveal distally a recognizably narroAAed pro¬ 
longation of the membrane as if a short evacuation tube, not a sessile papilla, 
bad been operative in discharge. HoAvever, no similar narrowed prolonga¬ 
tion is evident in the illustrations of 2 other sporangial envelopes (37 : Fig. 
IX), neither of Avhich assuredly could at any stage have been continuous 
Avith an evacuation tube. From the scale of magnification indicated for 
them the 2 distally unmodified empty envelopes would seem to have dimen- 
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sioiis most extraordinary for sporaiiji'ia of such ellipsoidal type; the larger 
one appearing to measure about 240 p in length, 70 \i in greatest transverse 
diameter, and 28 p in width of apical opening. 

Even if these extraordinary dimensional values are disregarded, so that 
only the measurements given in the diagnosis are left for consideration, the 
large size of the ellipsoidal spoi*angia appears to be tlie most distinctive 
character presented in the original account of Pythimn undulatum. Despite 
wdde variability in siz(? resulting from differences in onvironal conditions, 
ellipsoidal sporangia p long and 50 p wide are not often encountered 
among species of Pythimn. In most representatives of the genus—certainly 
in most of those commonly found in a terrestrial habitat—the tendeney 
toward moderation in volume of the sporangium appears fairly pronounced ; 
somewdiat extensive sw^ollen branching sj^stems in luxuriant irrigated mate¬ 
rial of P. Butlcri, for example, often becoming divided by a dozen cross- 
walls to no other end, apparenth’, than to lessen the size of the individual 
reproductive units. It is true, Apinis (1) ascribed elongated oval sporangia, 
50 to 167 p long and 20 to 50 p wide, to a submerse fungus that he held refer¬ 
able to Petersen’s sp^'cies; but lie ri*a}isfe]*red this species to Pythiomorpha 
presumably because in his material the zoospores were formed directly 
within the sporangia. Mattiuwvs (32, ]>. 69--71) somew’hat doubtfully recog¬ 
nized Pythimn mulnlafuni in a fnngns isolated from soil in North Carolina 
wdjieh when grow-n on hemp seeds in distilled watei* prodiu^es proliferous 
cylindrical sporangia, 25 to 55 p long and 15 to 18 p wide, that evidently 
discharge their contents into a vesicle for transformation into zoospores. 
Xarrowdy ovoid proliferous sporangia, likewise funciional in asexual repro¬ 
duction typical of PyfIlium, but of even smaller size than those of Matthews 
—their length usually varying from 40 to 45 p, and their width from 12 to 
15 p—were produced by an a<piatic fungus that S])arro\v (40, )). 299-300' 
dis(uissed at first hand under the binomial contributed by Petersen. Work¬ 
ing ill Denmark a quarter of a century after Petersen, Lund (31, p. 48-51) 
applied the binomials Pythiomorpha uudulaia and Pytkium undulatum to 
things he regarded as separate : Apinis’ species being recognized in a fungus 
which he isolated from various natural substrata—^plaiit remains, Sphagnum. 
soil, sand, tw’igs (including Pictu twigs), roots of Salix rcpens L.—ami 
wdrich formed zoosjiores directly w itlnii terminal sporangia usually oval in 
shape, 45 to 117 p long, 35 to 43 p wide, frequently 70 p long and 40 p wide : 
wdiile Petersen’s species was doubtfully recognized once in a sporangium of 
similar morphology tliat bore at its moutli a vesicle in which zoos»)ores were 
lying. Despite the meageriiess of tlie material that provided Lund’s momen¬ 
tary experience ostensibly wdth Pythimn nmUdaiunu his view that members 
of 2 different genera have come to share the specific epithet undulatum given 
by Petersen seems amply jnstifie<l. This view’ is reflected in Sparrow’’s 1 41. 
p. 707) recent treatment of Pythiomorpha undulaia as a phycomycete dis¬ 
tinct from Pythhim uiululatmn; the widely divergent usage w’ith respect to 
the epithet having somewhat earlier been reviewed by Bhudv’svell, Waterhouse, 
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Fig. 26. Mycelium of Pyfhium nndulnhrm Petersen acnm Bissmunn as found in a 
2'day-old maizeincal-agar plate culture; pliotomicropraplis • mavilification in A about 
X 240, in B about x 120. 
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and Thompson (7) in their elucidation of tlie evident synonymy of Pythio- 
morphii (including Pythiomorpha undulaia as understood by Apinis and 
Lund) with Phytophihora. 

If ellipsoidal proliferous sporangia approximately of the extraordinary 
dimensions given in the original diagnosis of Pythium nnclulatum w<?re to 
be found usual and characteristic for some one particular species—prefer¬ 
ably for a species in which undifferentiated protoplasmic contents are deliv¬ 
ered into a vesicle and then are fashioned into motile zoosi)ores—no serious 
misgivings could be entertained with respect to the correct application of 
tlie binomial. Although the relevant literature does not offer any com¬ 
pletely satisfactory metric agreement, a rather likely application of the 
biiKJiiiial is given in Dissmann's (13) account of 2 Pythium species he iso¬ 
lated from prematurely discolored, yellowing leaves of wateriily (Nymphaea 
Candida Prosl.) plants that grew abundantly in an artificial pond near 
Hirschberg in Bohemia; both species, thererore, being similar to Petersen’s 
ill regard to their liost relationship and their aquatic habitat. In peptone- 
saccharose solution the fungus Dissmann identified as Pythium unduldtum 
produced a mycelium with hyphae up to (i or 8 q in width; in pea decoction 
its mycelium branched more irregularly and grew more delicately by extend¬ 
ing liyphae often only 3 to 4 q wid(‘. Tlie sporangia obtained by trans- 
fei’ring mycelium from a liquid culture to water varied greatly in size 
witli changes in the concentration of tiie nutrient solutions emi)loyed: a 
solution containing from 0.5 to 1.0 per cent of pei)tone yielded sporangia 
iJO to 40 [I long, whereas a 1.0 per cent solution yielded spoi*angia 40 to 76 q 
in length. Use of a 0.6 per (*ent haemoglobin solution resulted in production 
of sporangia up to 60 q long. WJien the fungus Avas transferred to unmodi¬ 
fied pond water after l)eing groAvn in pond AA^ater containing 5 per cent of 
maltose it produced sporangia ui> to 80 u long. On transfer to unmodified 
pond Avater, mycelium that Avas groAvn in ])oiul Avater fortified Avith water- 
lily-leaf decoction gave rise to A ery large sjamangia, AA'ith an occasional indi- 
Avidual measuring up to 120 q or 140 q in length—dimensional values close 
to those found in material developed under natural conditions. In a figure 
(13: Pig. 1) shoAving zoosporangia dratvii as they Avere found occurring 
naturally in a mixture on Avaterlily leaves, those ascribed to Pythium undu- 
latum (13: Pig. 1, a)—all rej)resented by empty envelopes borne on a single 
ramified trunk—appear from tlie scale of magnification to range in length 
from 60 tf) 150 q. None of these enA elopes sIioavs any narrow prolongation 
at the open distal end. Their general ap])earance suggests that discharge 
must have been accomplished by means of a sessile cap of dehiscence rather 
than by means of an evacuation tube. In the multiple nesting of empty 
sporangia illustrated in the figure some of the inner envelopes terminate so 
far within the outer envelope that formation of a globose vesicle would have 
been obstructed. Among proliferous species of Pythium sucli obstruction 
does not ordinarily occur, since here as a rule the inner sporangium is 
extended either broadly or by an eA'aeuation tube until its tip is flush Avith, 
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or protTiidos bt;\vuiid. tlit" luoulli of the older ineiii bran oils mantle. Instances 
of recessed nestiiiji* ai‘e, iiowever, not infrefiiieiit among’ prolilerons species 
of Phytophthora, ^yhovr no vesieh' needs to be formed, and where the 
fledged zoospores released from an iiinei* sporangium aie capable of making 
their way if necessary through a s(^ries of apical openings. The generous 
width of the a])i«*al o])enings, which here and there would seem to exceed 
15 p, is likewise esi>eeially suggestive of Phylophthora. in which the non- 
papillate sporangia of various proliferous sj)ecies, as, for example, P, cryp- 
/Of/e(^Pethyb. & Lalf. and P. camhirora (Petri) Buisman, are given to dehis¬ 
cence by a relatively b]*<»a(i distal apertur^y In conti'ast, both of the cor¬ 
rectly evacuated zoosporangia 1 envelopes (i3: Fig. 8, left; Fig. 9) drawn by 
Dissmann from material dei'ived from the puri^ culture that he treated as 
Pylhiwn mulHlaI Kin show a recognizable evacuation tube at the apex; the 
vdder of the tubes measuring about 9 [i in diameter. There is good ri'ason 
to suspect that the >ti*ongly proliferous sporangia drawn from waterlily 
material originating in nature wen* alien to the fungus repi'esented in the 
pure culture -tliat they belonged more probably to a species of Phih 
iophthora, whicli. owing perhaps to the slower mycelial extension usual in 
members of this genus, may ha\e be(ni cojisistentl>' outgrown in isolation 
cultures by tin? a«'companyini! speco'es of PythiKm and tlins kept from b(*ing 
recognized. 

Apart from sporangia, Dissmann’s pure cultnri* of Pylltmm undulatnyn 
readily gave rise on various agar substrata to terminal or intercalary sub- 
spherical reprodu(‘tive bodies he ttvrmed cldamy(lbs]>ores; the protoplasm 
for their growth being obtained through a [irogressive ev acuation of adjactmt 
portions of hypha entailijig deposition of sneci^ssive boundary walls. The 
size of the ehlamydospores was found to increase witii the richness of tin* 
agar medium empl(»yed. In maizeim^a 1-agar cultures ])rej)ared with media 
whose uutrient eoneeniratiou varied iu a I-5“1() ratio, the most f'requent 
values for diamet^'r of the globose spores were about 36 p, 59 p, and 69 p. 
respectively; a total range extending from 6 |i to 92 p being indi(*ated for 
tlie dimension, Bailu'r early in tin* development of tlu' (*ldamydos]>ore its 
wall could be recognizHd as ecuniiosod of 2 layers, and witli advaueiug 
maturity tlu' tw(»-iay<‘r<Mi roustrmdiem brrame more distinctly visible: ilie 
very thin outer lay- )* consisted of the original li.vjthal envelope, while th(‘ 
inner layer, o:> UKue variable thickiM*ss, rejtresented a special membrane 
.secreted b\ the j>rotoplast. In eli]amydos})ores older than those ])resent in 
maizemeal-agar cultures 4 >\eelv> ai'tei' inoculation, tlie outer layin* was 
stated to persist as flakes or Jumps externally adnate to the iniuu* layer. 
With respect to rite intenial organization of the chlamydospore. aging was 
found aeeomj)ani(Hl by eonspicuons aceumnlation of fat (Fell) ; this material 
first appearing in small droplets, and later, following union of the small 
droplets, in larger globules. Attemi)ts at germinating tlie chlamydosi)or(‘s 
were successful only witli very young sixvimens iu which no accumulation 
of fat, nor any tliickening of the wall had yet taken place. In such young 
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s})eeimens the thin envelope ruptured, or a short evacuation tube was put 
forth; the protoplasmic contents, in either event, bein*^* then emptied into 
a ^ esicle for transformation into 20 os]>ores. Failure of the older chlamydo- 
spores to terminate, it was pointed out, nii<i;ht derive from cDiiditioiis similar 
to those present in oospores, which likewise constitute a thick-walled resting- 
stage with abundant accumulation of fat, and Avhich likewise, again, have 
only rarely and under conditions little understood been induced to germi¬ 
nate. Dissmann rei)orted that liis pei*sistent effort to tind sex organs of tlie 
fungus on host tissue failed, and tliat no oogonia (‘aim‘ to light in numerous 
culture media he tried out during nearly 2 years. 

A Fythium whose specific identity witli the one Dissmann grew in pure 
('ulture as P. undulaium seems beyond question, developer 1 in 9 among 42 
tubes of maizcmeal agar that were planted late in July, 1936, with separate 
pieces of disctolored leaf tissue taken at random from watm*]il\ {Nymphaea 
sp.) plants growing in a drainage ditch in a cranberry bog near East 
Warrdiam, IMassacdiusetts. Aftm* the isolatioji eultnres were freed of bac¬ 
teria and other (^mtaininating micru<>rganisins the fungus displayed a robust 
myeelial habit recalling such coarst* <M>ngeneri(5 forms as P. idiimum, P. dc- 
harjfaimm, and P. (nuindrum, (Ji‘(»\\ ini» in maizcmeal agar its main hyphae 
often attain a width of 8p within lOUp or 150 p of the tip, though if the 
filaments are followed backward hardly any further widening is to be noted. 
Its lat(*ral l)ran('h(‘s, whioh usuall\ develop in moderatr* (puuitity, are of 
lesser thickness, and show’ more or less irregular secondary ramification. 
J)es))ite a certain degree of c<>arseness, the vegetative mycelium (Fig. 26, 
A, P) offers the generally fl(‘xuous appearance familiar among species of 
Pyfhuim rather than tlie stiffly braiirhing aspect common in species of Phy- 
fnphihora. 

In Jidy and August, 1944, orcasioii was taken to try out the fungus on 
young iinhJemished water]ily {Xyntpham sp.) leaves supplied from an arti¬ 
ficial pond in Arlington, Yu. Soon after tlieir removal from the pond, the 
Icavt's* were placed in large glass dam|»-ehambers, x>lanted with slabs excised 
fi-om a niaizemeal-agar plate culture of tlie phycomyeete, and stored at a 
teuijterature of C. In 2 or 3 days the leaf areas umler the slalts took 
on a dark brown discoloration. This discoloration continued to siiread 
steadily, with the r(*sult that in 10 days it had come to extend over irregu¬ 
larly (vireular patelies 40 to 60 mm. in width, though tin* leaves that liad 
not been idanted witli the fungus still retained then tlieir fresh green color 
throughout. When ])ieces of discolored tissue near the periphery of the 
lirowni w^aterlogged patches were removed to a shallow layer of distilled 
water in a Petri dish, and then slnrr‘d at a temperature uear 18'^ C., extra- 
matrical hyphae 3 to 7 p wdde grew out into the liquid to produce terminally 
a moderate nniuber of prolate ellipsoidal sporangia mostly 30 to 90 p long 
and 20 to 40 p w ide. These sporangia on attaining definitive size w’ere often 
found provided wdth an apical pa)>illa, which sometimes, after renew’al of 
tlie water, waiuld form a vij*tnal)\' sessile cap of didiisceuee. More often. 
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lio'svever, the papilla grew out into a short evacuation tube before the hyaline 
cap Avas formed; so that after the undifferentiated protoplasmic contents 
had migrated into the inflated vesicle, and had been converted into zoospores, 
the empty sporangial envelope was usually found bearing distally a recog¬ 
nizable tubular prolongation much like the similar envelopes drawn by Diss- 
niaiiu from material referable to his pure culture. That the extramatrieal 
hypliae a)id the sporangia really derh^d from the material idanted on the 
leaves, rather than from some adventitious parasite, could hardly be doubted 
in view of their close resemblance to the extramatrical hypliae and sporangia 
produced in moderate quantity following irrigation of slabs excised from 
young maizemeal-agar plate cultures permeated exclusively Avith vigorous 
mycelium of the Massachusetts fungus. 

More distinctive than the sporangia formed in irrigated preparations 
are the large globose reproductive structures or resting spores that first 
become noticeable in maizemeal-agar cultures about 3 or 4 or 5 days after 
inoculation. These structures continue development for about 20 days to 
present eventually a display scarcely less impressive A\*ith respect to the 
number of individual units than Avith respect to their collective bulk. In 
maiz(uueal agar of moderate nutrient content, such as I have employed, 
they liave usually ranged in diameter from 15 to 75 q. Occasional depar¬ 
tures from their usual subspherical sliape (Fig. 27. A-G; H, a, b; I, a; 
Fig. 28, A, B) are recognizable in eylindrical (Pig. 27, I, b) and in trans¬ 
versely eonstriet(‘(l (Fig. 27, J) speeiimms. Tlieir identity Avith the ehlarny- 
df>spores ileseribed by Dissmann becomes clearly manifest at maturity, 
Avheii they are found eroAvded internally Avitli an abundauee of globules 
A'aryiiig eommonly from 4 to 10 \\ in diameter. The smaller resting spores 
often contain only 4 or 5 of these' glol)uh's (Fig. 27, A-D; Fig. 28, A, B), 
but the largest specimens (Fig. 27, I, a; K) probably contain more than 200. 
Their size and tlieir distribution in a matrix of granular protoplasm provide 
a striking parallelism Avith the plural rescrAc globuh's found in the oospores 
of Pifihinm hrlicoidrs and its allies. This parallelism gains in snggestive- 
ness from the ])res(‘nce of orbicular bodies, mostly 2.5 to 3 Avide, that are 
scattei’(‘d jiresumably throughout the protoplast, even if. as a rule, they are 
discernible only in the u]>per aspect of the massive spore. For the most 
part these bodies appear less brilliant than the refringeiit liodies present 
singly in oospores of unitajy organization, and, perha]js, somcAvliat less bril¬ 
liant even than th(‘ plural ref]*i)igeiit bodies in oospores of mnltiplicatc 
organization; though their lark of luster rould Avell be attributable to the 
feehlei’ illumination assocuated with the unusual thickness of tlie spore. 

Thr mature resting spores of the Massaelmsetts fungus, much like the 
clilam.A'dospores descivibed by Dissmanii, arc suri’ounded individually by a 
Avail rompused of 2 layers. While in some of tlie smallest s})eeimens (Fig. 
27, G) the tAvo layers can be made out only Avitli some difficulty, in specimens 
of moderate size they are readily seen to he distinet from one another. The 
oiitm* layer is colorless and eontiniioiis Avith the membrane of the parent 
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Fig, 2^>. Pijtliium nnihilalum Pi'tcisen .st nsv Dissmaim; dniwn Avitli tliC! aid of a 
camera lucida; x oOO tbroii^^liout. A, B. V'erv small r(‘sting; .syjoi’i's, sliowinj^j Mie internal 
organization of maturitv. G-F. Kesl ing spores trom a. (i-montli.s-old maizenieal-agar plate 
caiiture. which on lK;ing transferred to water germinated by producing zoosporangiji, on 
germ liyjdiae: the 2 sporangia, a and h, produced by 0 are each extending an evacuation 
tube preparatory to discharge*, and tlie r(*sting si)ore'retains enougli proto])lasmie matrrial 
for the development of 1 or 2 additional si>orangia; 1) also retains mnch granular iiiati l ial 
after producing a large sporangium that has given rise to zoosportis; E apparently retains 
enongli protoplasm for development of 1 or 2 more sporangia, after having produced tlm 
2 sporangia, a and b, of which the former is rej»ri*sented only by its (;mpty enveloy>e, Avhile 
the latter supports a vesicle with zoospores about ready to escape; F has contributed all 
its contents in producing 2 sporangia, a and b, of which the former has given rise to zoo¬ 
spores while the latter is still filled with granular contents. G. Large sporangium borne 
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liypha; the inner one, secreted by the massive protoplast, offers noticeable 
contrast in its yellowish coloration. In spores measuring: 30 to 50 [i in 
diameter (Fig. 27, E; (I; II, a, b; I, aj the Avail commonly appears to have 
a total thickness ol* about 1.3 ^; the outer layer usually contributing about 
0.5 n and the inner layer about 0.8 p to the composite measurement. Many 
of the larger spores, including mainh' specimens more than 45 fi in diameter, 
sliovv a markedly irregular outer contour, and })resent an api)earance as if 
the\' Avere covered Avith an uneven darkish incrustation (Fig. 27, K). In 
comi)arison with sinoot11-Availed resting spores, those Avith a rough wall look 
more or less misshapen, as their subspherical form is usually found modified 
pei’ceptibly by a niimlau’ of broadly curved bulges. As these bulges some¬ 
times oeeur in regions Avhere tlie external inernstation is either very thin or 
Avholly absent, the impression is gaineil that in the later staires of spore 
enlargement the outer membranous layer A'ields locally here and there or 
is ruptured outright in several jAlaces, j)ej-mitting the someAvhat elastic inner 
layer to ])ush outAvard in the Aveakened regions. 

Attempts to germinate ueAvly mature resting .spores of the Massachusetts 
fungus hav(* ahvays been Aviiolly unsuccessful. When spores from a 65-day- 
old maizemeal-agar plate culture were transferred to a shalloAV layer of 
Avater in a Petri dish and stored at 18'^ (A a substantial proportion of them— 
most often betAveen 10 and 25 per cent—germinated in the course of 7 days. 
On repeating the trials 100 days after th(‘ plate cultures had been planted, 
fully half of the si^ores germinated Avithin 2 days. Virtually all spores 
transferred to Avater from cultures 180 days old germinated Avithin 24 hours, 
and in strongly predominaiil measure germinated by the development of 
zoos])oraiigia. When the resting spores contained in 0.1 to 0.2 ec. of agar 
from a 6-months-ol(l culture Avere tlistributed over the floor of a Petri dish 
and sparingly Avatered, a mnch livelier display of motile zoospores often 
I’i'sulted than Avas obtained by irrigating ten times as mueli inaizemeal agar 
oi* waterlily-leaf tissue permeated Avith young myceliAim. 

Preparatory to germijiation the resting spore takers on a somewhat opaque 
apiH^arance as the reserve globules lose their clear boundaries, and togethei- 
AN itli the refringent bodies become gradually ol)literated in tbe augmented 
Aoliime of densely granular protoplasm. The inner layer of the wall dis¬ 
solve's aAvay in a circular region, alloAAdiig the protoplast to i)rotrude against 
the outer layer. After the outer layer has also given AA^ay tlie protrusion 
emerges to elongate externally as a germ Ijyplia (Fig. 29, A). Apparently 
this germ hypha never functions directly as an cA^aenation tube, but like the 
hypha extended from the germinating oospore of Fijihimn osfracodes (25, 
p. 276-286) commonly forms a terminal sporangium (Fig. 29, B) from 
protoplasmic materials made available tlirough increasing vacuolization 

on a gorm hypha and sup|)f)rting a vosiclo tliat contains approxiniatoly 45 zoospores neariy 
ready for escape. H-M. Empty sporangi.al envelopes produced in germination of resting 
spores. N. Empty sporaugial envelope whose supporting hypha, j>rodiJced in the germina¬ 
tion of a resting 8i)oro, shows both uniaxial elongation and snbsporangial braneliing. O. 
Development of 2 successive sporangia, a and b, through uniaxial elongation of the sup¬ 
porting hypha, Avhich was produced in the germination of a resting spore. 
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within the parent spore (Fiji. 28, C-E; Fig;. 29, B). Where a substantial 
quantity of protoplasm remains, as is usually the case with large resting* 
spores, the hypha may continue growth by putting forth a branch immedi¬ 
ately beloAv (Fig. 28, C, b; Fig. 29. C; E, a) or some little distance beknv 
(Fig. 29, D, a) the base of the first sporangium; the branch subsec|uently 
giving rise at its tip to a second sporangium (Fig. 29, D, b; E, b). Often 2 
germ hyj)hae, each bearing a terminal sporangium, may be extended from 
well-sei)arated positions on the resting spore (Fig. 29, F, a, b), or from posi¬ 
tions rather close together (Fig. 28, F, a, b). Frecpientl}', again, 2 sporaii- 
giurn-bearing hyphae may arise through biflsal branching of a single germ 
tube (Fig. 28, C, E; Fig. 29, G, a, b; H, a, b). Under environal conditions 
that favor immediate deA^elopment of zoosi)ores (Fig. 28, E, b; G) and thus 
permit prompt evacuation of sporangia (Fig. 28, H~M) while germination 
is still proceeding, the supporting filament in many instances elongates 
straightforAvardly (Fig, 28, N) to i)rodnce a second sporangium within or 
beyond (Fig. 28, 0, b; Pig. 29, H, c) the empty envelope of the first (Pig. 
28, 0, a; Fig. 29, H, a). Simn* in judiciously watered preparations many of 
the larger resting spores afford uniaxial production of 2 successive spo¬ 
rangia, proliferous development takes place in connection witli germination 
on about the same modest scale as in the asexual reproduction obtained by 
irrigating young mycelium. Obviously no proliferous development is pos¬ 
sible where relatively small resting spores- -specimens less than 30 or 35 p 
in diameter—are (*oneerned, as these usualgive rise only to a singh* s|>o- 
rangium (Fig. 29, T-U) ; the siipi)orting hyjiha in such instances somelimes 
measuring less than 50 p in length, and occasionally even less than 10 n 
(Fig. 29, J). The sporangiuui-b»^aring hyphae extcnided from the more 
robust spores commonly measure 3 to 8 p in width and 100 to 500 u in length 
(Fig. 28, C~F; Fig. 29, G, H), though a considerable proportion of them may 
measure 0.5 to 1 mm. in length (Fig. 29, E, F) and some as much as 2.5 
mm. or 3 mm. 

The sporangia resulting from gej'iuinative development closely resemlde 
those of mycelial origin in all particulars including size, since resting spores 
less than 30 in diameter are ordinarily too few to contribute any largt* 
proportion ol: noticeably undersized progen>\ While aAvaiting conditions 
javorable for zoospore formation they are nearly always found provided 
with an apical papilla (Fig. 28, F, b; Fig. 29, B; C; D, a, 1); E, a, b; F, a, b; 
G, a, b; H, b; I, J); yet now and then (Phg. 29, II, c; K), especially in the 
intereahiry specimens (Fig. 29, L) to be seen occasionally, no distal modifi¬ 
cation is evident. Tlie papilla sometimes is converted directly into a sessile 
cap of dehiscence, so that the empty sjiarangial envelope, after CA^acuation 
of the proLoplasmic contents, Avill terminate abruptly in an aperture com¬ 
monly 8 to 10 H Avide (Fig. 28, D), Avithout displaying any sign of a tubular 
jirolongation. More often, lioAAtwer, the papilla becomes extended into a 
rather short evacuation tube (Fig. 28, C. a. b; O, h) which eventually leaves 
its empty membrane superadded to ihe empty sporangia! eiwelope (Fig. 
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28, E, a, h; F, a; G-X; O, a; Fig\ 29, H, a). Usually the empty tube either 
terminates abruptly with a plain rim (Fig. 28, H, J, L, M; Fig. 29, H, a) 
or is minutely lipped at the orifice (Fig. 28, E, b; G; I; K; 0, a), but in 
scattered examples it is found reflexed (Fig. 28, E, a; F, a; N) in a manner 
reminiscent of Pythium vexans. The vesicular membrane is always clearly 
visible. On disintegrating it releases commonly from 25 to 50 broadly reni- 
form, laterally biciliate zoospores, which after swimming about for some 
time come to rest and round up into spherical cysts 9.5 to 13.5 \\ in diameter 
(Fig. 29, M, a--z). The cysts occasionally give rise to secondary swarmers 
through repetitional development entailing the production of an evacuation 
tube usually 2 to 10 p long and 2.5 to 4 o wide (Fig. 29, N, a-f). More 
often, of course, tluu' germinate vegetatiA'ely by putting forth 1 or 2 germ 
liy])hae 2 to 3 p Avide (Fig. 29, 0-Z). 

Germination is accom]3anied by a marked change in the appearance of 
tlie wall surrounding the resting spore. The inner layer of the Avail, Avhich 
iw spores of moderate size seemed earlier to measure about 0.8 p in thickness, 
Avill usually show a thiekin^ss of 2 or 3 p after a substantial portion of the 
protoplasmic contents lias been contributed toward the deA'clopment of germ 
liyphae and zoosporangia (Fig. 28, (-E). Later Avhen the spherical cham¬ 
ber of the spore has been completely emptied of granular materials, the 
generally increased tliickness of the inner layer is revealed as being varied 
locally by the presence of scattered pits Avliich here and there seem to extend 
clear tlirough to the outer layer. In some preparations tlie substance of the 
inner layer offei-s a iiearly homogeneous or cartilaginous appearance (Fig. 
28, F) Avliile in oth(M*s it exhibits numerous radial striations (Fig. 29, D~II) 
suggestive of th(‘ sti'iations familiarly observed during germination in 
oospores of many congeneric species. Thus the empty tAvo-layered envelope 
shoAvs rather good correspondence Avith the tAvo membranous envelopes, con¬ 
sidered jointly, that ari' l(‘ft from the germination of oospores in allied spe¬ 
cies; the correspondence being perhaps most obvious if comparison is made 
Avith siieh forms as Pjfihium salpingophonim Avhere usually the oogonial 
memlirane and tin* oospore Avail are for the most part intimately fused. 

The similarities shoAvn by its membranous vestments after germination, 
taken together Avith similarities in structure of its protoplast during the long 
lieriod of dormancy, provide persuasive grounds for interpreting the resting 
spore as a parthenospore homologous more particularly aa ith the oospores of 
multi])licatedMternal organization that are found in Pythium hdicoidcs and 
related species. One might be inclined to dismiss the morphological paral¬ 
lelism as being perhaps of fortuitous character if it were not so strongly 
corroborated by the physiological similarity manifest in the prolonged dor¬ 
mancy of the reproductive bodies under discussion; such dormancy being 
familiar among oospores and parthenospores, but AAdiolly unknoAAUi among 
the subspherical conidia and chlamydospores formed by numerous species 
of Pythium, including, for example, P. debaryanum and P. ultimiim. Kin¬ 
ship in the helicoides series Avould seem indicated further in the germinative 
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Fig. 29. OorniiiiMtioii of resting sporc-.s of Pythiam undulatum Peterseii ficnsii BisS' 
mann from a maizeniojil agar plate enltiire 0 inontlis old; drawn with the aid of a eaiiiora 
lucida ; x oOO throughont. A. Small re.sting .s]>ore from which a germ hyplia is being ex¬ 
tended. B. Bather small resting spore that has prodnetid a small sporangium on a germ 
livpha, and still retains a substantial quantity of xn*otoplasm. C. Bather small resting 
spore that has produced a sporangium at the end of a g(um hy])ha; the germ hypha there 
ii}>on branching out below the delimiting septum although containing only a small quantity 
of residual j)rotoi>lasm. D. Kf'sting spore whose germ hypha, a, has formed a terminal 
sporangium and given off a branch, h, which also supports a sx)orangium. 11 Resting 
spore whose germ hyjjha has j)rodHced a terminal 8j>orangium, and then j)ut forth distally 
a branch, b, to l>ear a second sporangium; from lack of space intercalary portions of 
hypha measuring GOO u, and 675 p, in length, respectively, are omitted at jdacos indicated. 
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behavior of the fungus; for, as lias been noted, the resting spores, much 
like oospores of my P. ostracfKles give rise to zoospores exclusively through 
the prodrietion of structurally distinct zoosp(.)raiigia. never by the more 
dij*(‘ct course of development wherein the prot(>|ilas]ni(* vouteuls are con¬ 
veyed to a vesicle b}’ way of an evacuation tidit* originally extended as a 
g(‘rm hypha—a course ol’ development frerpKuit in tin* unitary oospores of 
anandriim. The zoosporangia, Avhethei- liorne on germ liyphae or on 
mycelial hyphae, conform satisfacdorily in tlieir typically terminal i^osition, 
prolate ellipsoidal shape, distal papillate m<»difi('ation. and o(*casionally suc¬ 
cessive uniaxial development, with the tyt»e (»f sporangium ])revaiont in the 
Itdicoldcs series; though tliis type of sj)oi*angium, it must be admitted, is 
cliaraeteristic also of P. anandmm, and besides has been recognized for many 
decades as distinctive of P. prolifernm de liary (:J. p. 18, 19; 4, [). 558-562), 
a species which from its smooth oogonia and from the unitary internal 
organization ascribed to its mature oospores {3. p. 61, lines 21-25) would 
jiot seem intimately related either to P. Julkoidi s or to P. anandnim. 

Indeed, the type of s])oranginm liere concerned—the oeeasionally pro- 
lil'erous, obli(|iiely oriented, bnrsiform sporauginm of my Pythiuni mar- 
sipiion (23, p. 492 506) and tlie very meagerly prolif(‘rou^. trecjuently sub- 
1(*rmiual sporangium of P. salphufopItorKni, obviously diti’er from it in sub¬ 
stantial measure—ocfcnrs loo widely even among ti*rrt'sirial meml)ers of the 
geinis to provide alone a ]‘<*aMy trnstwortliy indication of either the identity 
or the intimate kiusliip of a species. The extiaordiiiarily large sporangial 
measurements given ])y Petersen, wliich miglit be adequate for determining 
the application of liis binomial if they w(‘iv iVutiid usual for some fungus 
pi-operly referable to the genus, have assuredly not been found usual in 
the Massaeliusetts Avaterlily fungus, Avhetlier it was grown on artificial 
media or on its natural substratum, thougli its sporangia Iuiat regularly 
been of* generous dimensions. However, in\' fnneiis agrees Avell with the 
ojje that Dissmann isolat^'d and refejTcd to PeterstoPs species; the agreement 
being satisfactory Avith respect both to tlic zoosporangia and to the very 
distinctive resting spores. Dissmann’s report of zoospore formation by 
direct discharge of contents from very young chlamydospores is not incon¬ 
i’. lU'sting .s]>or»* tlmt likinvise heenim* completely evacuated in giving rise to 2 sporangia, 
which h(fre, however, are home on 2 separate germ hy[)liae, a and h; from lack of .space 
portions of hypha measuring “>75 j,i and 625 in lengtli, respectively, an* omitted at X)laees 
indicatc'd. G. Besting s})o]e tl»at has become evacuated \n producing 2 sporangia on 2 
st*]»;rrate germ hyphae, a ;nid b, ;iiising from a .single trunk by ba.s.Ml t>ranching; from lack 
of space, germ hypha a is shown in parts whose proper coniu'ction is bniicated by broken 
lines. II. Ijurge resting spore that has beemne (‘vaeuaied in ]>roduciiig 5 sporangia of 
which 2 were fornieij terniiiially on separate germ hy|)hae, a and l», .irising through basal 
br.'incbing from a. .single trunk, wlu'nais the other was formed terminally on the niiiaxial 
])rolongation c of the germ hy])ha a ; from lack <»f space ;i ;iiid c, are shown in x»ortions 
\vhos(‘ pro|)cr continuity is indicated i)y broken lines. T-K. Sniall resting s])ores, each of 
Avhich became eva('uated in producing ;i .sporanginin on .a short g(M-m hyidia. .L. Small 
re.sting sj)ore that has put forth .*i germ hyjdia with an intercalary sporangium. M. En* 
cysted zoospores, a-z, derived through germinatiou of resting s]K>res, and showing varia- 
tiou.s in size and shape. N. Empty cyst envelojx's, a—f, each with an <‘\acviation tube that 
served in tin* emergence of a secondary motile 7.(*ospore. 0--A\ Encysted zoospores, etich 
gerininating with 1 germ tnl)e. W—Z. Encysted z(K»s])ores. e:i'*h gtaaniiiating Avith 2 germ 
tubes. 
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sistent with my statement (»f germinative behavior in properly after-ripened 
resting spores; for. as Dissmann ]>ointed out, the juvenile reprodiietive 
bodies he found active resembled greatly the zoos|K)rangia formed in "water, 
not having yet undergone, either in their protoj)lasin or in tlieir envelopes, 
any modification tending toward the mature condition. Since he makes no 
mention of nsing materia! several months old in his germination trials, there 
is good reason to suspect that his failure with mature cldamydospoi*es w as 
attributable to inadecjiiate aging. 

Although tlie soil fungus discussed under Petersen’s binomial by Alat- 
thews produced ^^thick-walled chlamydospores” which she held similar to 
Dissmann’s, their snudl size—a range in diameter from 14 to 24 p being 
given for them—would seem to make identity with my waterlily parasite 
(juite improbable. Greater likeliliood of such identity is offered by the 
aquatic fungus tliat Sjiarrow discussed as Pyfhmrn yndiiJalum. since it gave 
rise on maizemeal agar to ‘^dark brown, rongh-walled chlamydos|)ores’’ 10 
to 50p in diameter; though serious niisgivings are aroused here by the small 
dimensions of the sporangia. The possibility is not to be ignor(‘d that 
reproductive bodies frecpicntly rough-walled like those described by Diss¬ 
mann may be formed by several members of the genus, and more ]>articu- 
larly, perhaps, by aquatic memhers intimately akin to the waterlily parasite. 

When the waterlily jiarasite is grown on maizemeal-agar plate* eultures 
in opi)ositi(>ii to Phefos/jira intoiaiidra, il.s mycelial ad^'ance is halted along 
the zone of encounter as its individual h>'])hae (Fig. 22. B, a) become t‘u\'el- 
oped by short branclies extended from filaments of tlie saprolegniaceous 
foDn (Fig. 22, B, b, c); envelopment in all instances being followed by 
darkish degeii(*ration of the prot<)plasni witliin the PyiJiiiim hyphae. Simi¬ 
lar injury is snstained iiy tlie fungus wlien it is grown in opjiosition tn 
Pythium oligandriim. Its hyphae (Fig. 22, C, a; D, a) on being inve'sted 
with ramifying branches put. forth from filaments of the sjuny form (Fig. 
22, C, b; D, b) soon suffer evident degeneration of tlieir protoplasmic con¬ 
tents (Fig. 22, 0, a), and, besides, are often invaded lengtliwise by assimila¬ 
tive elements (Fig. 22, D). Likewise when the fiingns eiiconnters inyeelivnn 
of Pythium acaiithwnm its hyphae (hbg. 22, E, a) at the forefront of 
advance arc halted and jiromfitly enveloped by irregular rainifications <»f 
the delicate echinulate species (Fig, 22, E, b). Often small diverticulations 
intruded into a newl\' <Mivelopcd uniiulatum hypha (Fig. 22, F, a) from an 
acantkicum branch (Fig. 22, F, b) are tonnd surrounded by a rather tliicdc 
deposit of yellow material that gives the ajipearance of having been seertded 
as a barrier against invasion. Although invasion is frecpiently delayed for 
some time, many iindidaUnn hyfihae fFig. 22, G, a; li) ultimately come to 
be permeated by acanihkum filaments ^Fig. 22, G, h; H). Again, when 
the v^Tterli’y parasite encounters a inycelium of Pythium pcriplocum its 
liyphae (Fig. 22, I, a) are rattier extensively though not very elaborately 
enveloped by ramifications from filaments of the echinulate species (Fig. 
22,1, b); whvreuiion they soon degenerate iiiternaHy, and often, in addition, 
are invaded longitudinally by assimilarive branches. 
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SUMMARY 

Pyihium oligandrum has been found fr»‘<juently in (lamped-ofi’ seedlings 
as well as in decaying steins and roots of older phanerogamic plants originat¬ 
ing from widely separated localities in the eastern United States. Its usual 
occurrence in association with congeneric species familiar as agents causing 
damping-off and root rot, together with its ready parasitism on these species, 
suggests that it probably operates more commonly as a secondary than as a 
primary invader. One.e, however, it Avas found, unaccompanied by any 
other likely pathogen, in a cucumber fruit affected wdth watery decay in the 
field; and on inoculation by incision was found capable of causing decay 
both in nearly full-groAvn cucumber fruits and in watermelon fruits. Its 
zoosporangia resemble those of P. acanihicnm, but appear somewhat more 
often to become relatively large in volume, and to include plural globose 
l)arts. The oogonium, typically subsplierieal and spiny, is usually de¬ 
limited proximally by a massive plug and distally by a cross-wall; it often 
includes a cylindrical pi'olongation at one or at both ends, and occasionally 
may be wholly cylindri(*al. Parthenogtuudic development is generally very 
common; its frequency varies between different strains, and, besides, is 
influemicd by environmental conditions. Where a male complement of 1 
or 2 antheridia is present, it is usually supplied from a single branch. In 
most instances the niyeclial eonnectioii liettveen tlie male and female organs 
is too remote to be traced. Where such connection can he traced, it often 
has a total length of 250 to 600 g, occasionally a length of only 125 |j. Thf‘ 
type of antheridium consisting of a hyjdial segment adjacent to the oogonium 
- the type that jiresumahly prevails in P. arfoirogm to the exclusion of 

other types.lias not been recognized in any material held referable to P. 

olifjandrim. The oospore when mature, shows very distinctive internal 
organization, as it contains usually 4 to 15 refringeut bodies imbedded in 
the granular parietal layer surrounding the single reserve globule. Aftei* 
a resting period of 6 mouths it germinates readily on shalloAv irrigation, 
often giving rise to zoosjiores by disidiarging its undifferentiated contents 
directly into a vesicle through an evacnation tube 10 to 50 p long. 

Oos])ores of Pythium pcriplocum likewise germinate readily in pure 
AN a ter after a resting period of 6 months. Preliminary to germination, 
much as in P. oliyandrmn, an inner layer of the oospore Avail amounting to 
about tAvo-thirds of the tliickiiess of the envelope, is assimilated by the pro¬ 
toplast. Tile germ hyiiha after attaining a length of 50 to 200 \\ frequently 
I'unctioiis as an evacuation tube in conducting the granular contents into a 
V('sicle Avliere they are fashioned into zoospores. 

Pyihium salpingophcyrmn recpiires a loAver temperature for zoospore pro¬ 
duction than most congeneric species. In irrigated preparations its globose 
sporangia are more often formed in subterminal than in terminal or inter¬ 
calary positions, and are only in rather small measure given to successive 
development through either uniaxial elongation or subsporangial branching 
of the supporting hypha. The species is distinguished by pronounced distal 
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of the evacuation tube; the empty membrane of this tube becoming 
r*‘flexed at the orifice somewhat in the manner ol* a trumpet. The rather 
small, smooth, subspherieal oogonia frequently develop parthenogenetically, 
l)utmany are supplied witli 1 or 2 aiitheridia which ma\' be borne on a short 
bi'anch arising from the oogonial filament in tvlose proximity to the oogonium, 
or, again, may be sessile either on the oogonial liy])ha or on a neighboring 
hypha. Except in the proximal and distal regions tlie oogonial envelope is 
usually adnate to the oospore wall, wliich at maturity encloses a protoi)last 
<>r unitary organization—a single refringtuit body being imbedded in the 
granular layer surrounding the single reserve globule. After a resting 
juu'iod of 8 months the oospore germiiupVes freely in pure water, often 
through the production of swarmers. The i)roto])last generally assimilates 
a thick inner layer of the oospore wall before putting forth a germ hypha 
tluit sometimes functions directly as an evacuation tube and at other times 
l)ears terminally a s])orangium similar to sporangia of mycelial origin. 

In Pyihiuin vexavs {^P. conrphcteits). after discharge of the spo¬ 
rangium, the empty uuMubrane of the evacuation tube is often though not 
alvrays reflexed at the open end. As the oogonium and antheridium in tliis 
sj>e(*ies are brought together at a very early stage, they necessarily exi>aml 
in intimate contact with one another. AVJiere a liard agar culture medium 
otf*rs eonsiderahle resistance to Iheii* expausiou. their outward shapes are 
noticeably ;i nodi tied; the oogonium becoming flattemal or broadly indeiit(‘d 
in the region of (toutact, the anth(‘ridium at tlH‘ same time being squeezed 
to fit snugly until in extnuue instam.*es it a|)pears as an irregularly lobt‘(l 
tnass. However, in water or soft agar the subspherieal shape of the 
oogonium umhn’goes litlle modification, while the antheridium develops 
rather often into a ramifii'd body consisting of 2 to 4 elongate digitate or 
ni<»re broadly lobate ])arts tliat clasp tlic oogonium extensively. The an 
tliaridiiim is regularly i)orue terminally on a bi*am*h arising either from a 
neighboring jiyi)ha or fro7u the oogonial hypha at some distance from the 
oogonium. Since its ba.se is often vriy doso to tlie oogonial atlachment, it 
irequentbv lias much the appearance of being sessih* on the oogonial fila- 
nveut close to the oogoninin. ()osj)oi‘<>s of P. vexans soon germinate freel>' 
in pure water, often giving rise to swarmei-.s. Tlie protoplast, after assimi¬ 
lating a thickisli iiiin*r layer ol the oosp<»r»‘ wall. sometim(*s extends a genu 
liypha that innetions directly as an evacuation tube, and at other times 
produces a structurally distinr-t zoosporanginm wliicdi may be sessile on the 
f^ogonial envelope oi’ may be terminal on a germ hypha of variable length. 

On sliallovv irrigation, oosj)ores of PiffJiiutn orittndvuni from ciillures 3 
nnmths old germinate readily, usually giving rise to swarm spores. After 
absorbing a thick inner layer of tin* (»ospore wall the ju'otoplast often puts 
iorth a sloiit germ hypha that subsequently functions directly as an evacua- 
Tion tube. In other instances a zoos])oi*auginiM strinqiii’aHy distinct lT(»m 
tljc oospore is prodin^ed terminally on a g<n-m fiypha up to 200 p in length. 
Snchi a sporangium niav also be formed sessile oii the oogonial <*nvelope, or 
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may even be deeply inserted into tlic eliamber of the oospore. Kepetitioual 
development of zoospores is aeeomjdislied in P. anandrnni usually, as in F. 
oligandi^uniy P, vexans. and P. vndulai nniy by direct prodnetion of an evacua¬ 
tion tube, but also takes place oecasionally tlirou^li production of a miniat ure 
sporangium. 

A fungus isolated J‘ro]ii waterlily leaves in Massaelnisetts is referred to 
Pythium undulatuin Petersen scusk Dissmann by reason of its prolate 
ellipsoidal, distally j)a])i]late sporanjiia and its large roug:li-walled resting 
spores. In their mature condition the resting spores show an internal 
organization similar to that in oospores of P. helicoidcs^ and are surrounded 
individually b\' a wall eojisisting of a thin (0.5 fj) colorless layer and a 
somewhat tlucker (0.8 p) yellowish inn(‘r layer. Resting spores from fuil- 
tures 6 months old germinate readily on shallow irrigation l)y x>i’oducini: 
1 to 4 si)oi’angia on gei*m hy])hae 10 u to 3 mm. long. After germination 
tlie inner lay(‘r of the spon* wall a]))>ears much thicker (2 to 3 p) than 
before. It S(H*ms i)robal)le that the resting spore represents a parthenosporc 
homologous with the oospore of P. hrlieoides. 

When Pythium salpliiyophornni, P. rexans, P. imdulalum, and P. anan- 
driiin are grown on an agar substratum in o|)position to P. oligaiulrum or 
P. ptyriplocim or P. (U^anthirnm, their mycelial advance is halted as their 
hyphae in varying measure beeome enveloped by branches extended from 
the filaments of the ojt|)ouent fungus; the enveloi)ed hyphae itsually soon 
showing degeneration of their contents, and often in addition nndergoing 
invasion by assimilative <‘h‘mrnts. Similar injury is sustained by them when 
tliey are gro\Mt in opposition to Aph(i})oynyce!< cladof/anins or PlecAospira 
myriandra. P. v( xrnis ap|)cars cceasionally to retaliate upon P. prriplocurti 
by applying aX)|)ressoi’ia to hypljae of the eeliiiinlate form. 

Plant Indfstuv Station. 
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A NEW BACTERIAL LEAF SPOT OF GREEXIIOUSE- 
GROWN GARDENfAS 


1 * E T E R A . A R K A X I> J . T . B A K K I '. T T 
(Accepted for puVdifiitioii June 7, BMO) 

Ill central California heavy losses are bein^ sustained in some gardenia 
plantings on account of a bacterial leaf-spot disease Avliich is similar in 
symptoms to that described by Burkholder and Pirone.^ However, careful 
study of the causal organism of the California disease proved it to be dif¬ 
ferent from that described in the eastern Fnited States* 

The disease starts on tender leaves as miniite dots wdiicli gradually en¬ 
large, showing at first a pale yellow’ c(*nter, which later becomes reddish- 
brow’ii, surrounded by a yelhnvish halo. Tlie margins of the lesion are some- 
wdiat thickened and have a greasy appearance. Se\'eral spots may coalesce 
to form a larger one. Infections wdien very abundant (Fig. 1, A and B) 
may cause premature abscission, an unfavorable condition from the pro¬ 
duction standpoint. Flow'er buds and sepals are sometimes affected (Fig. 
], C and I)), but this is relatively uncommon. 

The disease may be spread by cuttings taken from infected i)lants, and 
especially by syringing plants to reduce the red spider mite population. 
When gardenias are forced for flower production, the high humidity and 
air temperature usually maintained provide excellent conditions for the 
spread of the organism and subsequent development of epidemics. 

ilicroscopic examination of small pi(H"es of diseased leaf tissues reveals 
an abundance of baxderia oozing from the cut edges. If the bacteria diffuse 
into sterilized w^ater and subsecpiently dilution plates are made, the organ¬ 
ism can easily be isolated in pure culture. 

The pathogenicity of the bacterium (six isolates re])resenting six dif- 
fei'cnt tests') isolated fi’om tlie gardenia leaf si>ots was tested by suspending 
the isolat(‘d bacteria in sterile distilled water and atomizing it on small 
potted gardenia plants. Infection occurred and the bacterium isolated 
from the artifleially produced lesions was identical w ith the one used for the 
inocidations. Prior to inoculations the idants were held in a large moist 
(diamber for 24 liours and were k(*pt tliere for the duration of the test to 
(Mjuform to commercial conditions of growing this crop as close as possible, 
hdrst symptoms of the disease, in a form of very small pale yellow’ spots, 
appeared from 7 to 9 days after the spraying, rln‘ tfunperature of the green¬ 
house varying from 80^ to 90° F. during the day. with night temperature 
about 65° F. In two weeks the spots developed to the size of 1 mm. Keep¬ 
ing the atraospliere and the foilage dr}’ cheeks the disease promptly and 
new leaves are free of the disease. Resumption of syringing coupled wdth 
high temperature is soon follow’ed by infection on new’ foliage. 

1 Burkholder, W. H., and P. P. Pirone. Bacterial leaf s]n>t nf gardenia. Phvtopath. 
31; 392-194. 1941. 
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Tlie bacterium causing this disease is a short rod measuring 1.6-2 x 
0.3 -0.5 jj, motile by means of one or two tlagellae attached to one pole. It 
is staiiied by most of the aniliii dyes and is Gram-negative. In some prep¬ 
arations, the capsule can be demonstrated by the India ink method. 

In beef-extraet-peptone broth tlie tiu’bidity is prompt in 24 hours, be(5om- 
ing dense in time with a narrow yellow ring ait the top and a viscous yellow 
sediment at the bottom. On beef-extra<*t-pei)lone agar, the growth is rapid, 
slightly raised, yellow (Pyrite yellow according to liidgway standards), 
biitA'rons in young cultures and dilhcult to pick up in older tubes. On 
polato-dextrose-peptone agar slants the growth is fjist, yrdlow {suli)hine 
el low), smooth, and falls to the bottom of the tube in time. Growth is 
g(K>d in 48 hours in (!ohn^s synthetic medium, in Us(*hinsky s mediiim, and 
in tile syntlietic carbohydrate medium of the Hociety of American Bac- 
tm iologistsbut growth is scanty in Fermi’s solution. Starch plate is well 
digest(‘(l after 48 hours and (^ompletely digested after 6 days. Indol and 
liydrogmi suljiliide are not pi*oduced. Ammonia is formed in peptone-glii- 
cose-dipotassium phosphate* media devised b}' IlauseiF’ and demonstrated by 
his melhod: nitrates are not redueed. The skimmed milk becomes trans- 
liKMMit with a white precijiitate at the bottom and a large yellow ring at the 
tojc In litmus milk, a white curd is formed at the bottom and the super¬ 
natant liijiiid is a flirty wim* color. Gelatin is liiiuefied slowly. 

Growth ill synthetic media containing the following carbohydrates pro- 
'liiced aivid and no gas: arabinose, dextro.se, frnetose, galactose, lactose, 
maltose, manniti*, raftinose, sucrose, and xylose. An inverted Dunliam's 
fei'inentation tulx* was added to eacli tube to demonstrate presence or 
abstMice of gas. (ilycimine was not ntilizi'd b\' the organism. 

'rhe organism gi*ew from 10^ to 37 (\ Xo growth of the organism was 
Mbsci-ved even fift(‘r 30 days at the temperatures from .1'' to 7*^ C. At lO''' C. 
tin* growth was slow. The optiinum temperature for growtli lies between 
22 and 28'"' G. 'IMk* tliernial d«*at}i point is 50"’ C. 

Sin(*e no known yellow pathogens have similai- cbaracters, the orgau- 
isMi is (leeineil to bi* mnv to sciem^e and the iiame Phytomonas maculifolium- 
gardeniae n. sp. is proixised. It diflVrs markedly from Ph, gardrniae 
whii'li |)roflnces white colonies becoming dirty in appearance with dark- 
iirowii discoloration of the medium. 

To (‘oiitrol the discasi* inuncrons cxiicrimmits were undertaken. Spray¬ 
ing with standard liordeaux niixtiUM* gave no control. Various <]nat(‘rnaTy 
ammonia compounds were ineifeetive. However, an aipieoiis copper snl- 
phat(‘ solution, I to 2000, witli tlie addition of a si)retKler (0.1 per cent 
Triton B-l!15() phthalic glxaxnwl alkyd resin), reduced the number of lesions. 
'IMiis spray should be aitplicd at frcxjuent intervals to prevent any build¬ 
up of the disease on old leaves. Syringing of the plants for the control of 

" S(K‘i('ty of AmerlrMii R;i<*tcriologists, AImiuciI of inctbods for piiio culture stiuly of 
tci in. P. 14, Leallet 2. Preparation of uieclia, 9th ed. 1944. 

^Hansen, P. A. dvdection (»f annuouia )M<vdurtiou i»y hactoria in agar slants. 

Jour. Pact. 19: 22:1-229. 19;i0. 
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red spiders definitely aggravates the disease. Therefore attempts should 
be made to control red spiders by other means. Lately, the use of Azofume- 
70 (technical grade of azobenzene) as a fumigant for red spiders was found 
successful by some gardenia growers and resulted in a considerable reduc¬ 
tion of the disease. 


SUM Af ARY 

1. Leaf spot on gardenia in Palifoi-nia is caused by a yellow bacterium, 
for which the name Phytonionas maculifolinm-ganlcnm^^ is proposed. 

2. The disease increases to serious propdHions under (*onditions of liigh 
humidity and high air temperatures. 

3. In controlling the disease it is important to avoid syringing the })lants 
with water. Tlitw should be sprayed at fre({uent intervals with aqueous 
copper sulphate solution, 1 to 2000, plus a spn*ader. 

Dtvibiox of PiiANT Patiiouogy, 

Univkrsity of California, 

Bfrkeley, California. 



THE SOIL ROT OF SWEET POTATOES AND ITS 
CONTROL WITH SULPHUR 


L . II. V i: K s o N ^ 

(Accepted for piihlicatioii June 10, 1046) 

The soil rot of swimH jtotatoes einised by Artinomijccs ipomoea Person 
and ^lartin is at present \videspi*ead in Louisiana as well as in other parts 
of tlie United States. In Louisiana, it was first observed in a serious form 
in 1M34 in small, isolated areas near Sunset in St. Laiidr\' Parish, the center 
of tiie sweet-potato-growinj^ area. In later years, the areas gradually en¬ 
larged and the disease also appeared in other parts of the State. 

Wlien weather conditions are favorable and the disease is severe, it causes 
alniost a total loss. Many roots are destroyed and the young plants either 
die or their growth is so cheeked that vines are not produced. When con¬ 
ditions ;n*e less favorable for the disease, a satisfactory yield may be ob¬ 
tained, but the quality is poor because many potatoes are misshapen or 
covered with unsightly lesions. 

A vtu'y severe outbreak in 1937 was largely res[)onsible for the investi¬ 
gations here report(‘d. Studies between 1934 and 1937 had indicated that 
tlie disease was not simuous in a soil with the pH below 5.2. Preliminary 
experiments also had in(li(*ated that it was possible to lower the pH of tlie 
soil to 5.0 by adding sulphur, but it was Jiot known how much sulidiur would 
be required, or how long tlie low pH wotdd be maintained in the soil after 
tlm sulphur was applied, or wliether a pH this low would injure sweet pota¬ 
toes or other cro])s tliat might he grown. Sulphur tests have been made 
for eight years, in st‘asons both favorable and nnfavorable to the soil rot. 
and the results ol)tained have jirovided definiti* answers to these questions. 

.MATEIUALS AM) AIKTIIODS 

INots were sulphured on 20 farms in three areas in St. Landry Parish. 
Witli tlie exception of one farm, tlie soils were Lintonia silt loam, the typical 
first Terrace soils of tliat area. The soil of one farm w'as a Miller silt loaiii, 
a n‘ddisli soil similar to the alluvial soils of tlie Red River. The terrace 
soils are found on tlie greater fiortioii of the farms in the sw-eet-potato area 
ill St. Landry Parisli. Tlie area with the Miller silt loam is very small. Tlie 
pH of the terraee soils is oi’dinarily about 5.7. and of the Miller soil about 6.1. 

The general proeedure for applying suljihnr w^as tlie same in all tests. 
After the field was lev(4(*d liy [ilowing or discing, suliilinr w'as applied with 
a seed drill and dist-ed in as soon as possible. The soil was then throw'ii 
up into the 4|-foot, ridged row’s, the system ordinarily used in tliat area. 
Tlie sulphured plots wei-e usually 7 to 10 row’s wide, although in one or two 
tests they were only 5 row’s Avide. The uousulphured cheek plots w^ere 5 or 

^ The .author w ishes to acknowledge the assistance of the Freeport Sulphur Co. for 
<hni.iti(»nN of sulphur and for a grant to help tinaaice the field work; and the S^ontheiii 
Acid and Sulphur Co. for donations of sulphur. 
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more rows wide. All iriots were 200 feet, or moro, long. Five types of 
sulphur were used: 

1. Coiiiniercial flour; a sulphur of which 90 per eeiit passes tlirough an 
80-inesh screen. 

2. Staiift’er granular; a sulphur wliieli passes througli a 16-mesh screen. 

3. Toro; a conditioned sulphui* containing 14 per cent filler, 93 ])er cent 
of which passes tlirougli a 325-me.sli screen. 

4. Soil sulphur; n ground crude sulphui* of 99.5 per cent purity. 

5. Inoculated sulphur; a sulplinr to wli^di sulpliur bacteria had been 
added. 

Soil samples were ei>IIected j)eriodically from t‘acli plot and pll readings 
were made. After a jdot was sulphured, samples were collected sevei*al times 
in the first six months to determine the time necessary J'or the pII to di-oj) 
to 5,0 or below. After that, soil samj>les were taken one or more litmus a year 
until 1945, or until the plots were out of cultivation. Fi-om 1938 through 
part of 1941, the llellige »'olorimetrie method was list'd in making the pH 
tests. After that, a Beckman potentiometer was use<l. Slightly lover vend- 
ings were obtained witli the jMitentiometer. 

When the sweet |)otatoes were liai-vested, the three center rows in eacli 
plot wore dug and the potatoes graded and weiglied. The yields per acre 
were then calculated in 5()-lb, crates of No. I and No. 2 sweet ])()tatoes. 

EFFECT OF ST’LPIH K A.\I> ACIDS OX Pll OF SOIL 

To determine the amount of sulphui necessary to bring the jd! of the 
soil to 5.0 and to maintain it at that iow level, four rates of apjdieatiou y)er 
acre were used: 500 Ih.. 600 li>., 700 Ih., and 800 Ih. The (‘fVt'et of tiu'se 
amounts on the pH of tJii^ terrace soils for 7 yi'ars is given in table 1. As 
similar results wei*e olitanied witli ah tA jx's of sid|>lmr, the results are 
grouped in the table. The soil sulphur was slightly slow(*i* in action, taking 
about a mmith longer tv* bring the ]>H down to the level iiroduced by the 
others; but after that tlic results with all were similai*. The data in tiie 
table represent averages. The 500-lb. application was sufflcieiit to lower 
the pH to a satisfaiaory hwel but did not maintain it. As the i)H in tlie 
irlots with the 500-lb. applications tended to rise after the first year, tlie 
applications in latci- ycai’s were mostly 600 11). or more. Tlie 600-, TOO-, and 
800-11). applications all lield the ])H to 5.0 or below for about foiii* yi-ars, 
after which it tended to rise to 5.2 to 5.4. Usually it took from two to four 
months after the sulphur was apfilied for the pH to drop to 5,0. 

Besults obtained on the ^Miller silt loam were ejuite different from those 
on the terrace soils. Ajiiilicatioiis of sulphur, even uj) to 800 lb. per acre, 
barely lowered the pH to 5.0 within the first six months. This low level, hoAV- 
ever, was not maintained. The pH began to rise gradually and within a 
year was 5.4 or above, and it coutiiuied to rise in later years. The lowering 
of the pH to 5.0 by the application of .sulphur did not seem practical on 
this soil and further applications Avere not made. 
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Concentrated sulplnirie aeid and ))]iospl]orie acid ^vere also applied to 
tJic terrace soils at rates of 400 to 700 lb. per acre. These had very little 
effect 0 X 1 the pH of the soil in the months that followed. 


TAT’LE ].— Effect of sulphur on soil pH on 10 farms in Sf. Lanrlrp Parishf Louisiana 


Sulphur 
nppli(?d 
per ncro 


Xo sulphur 
GOO Jl*. 

Xo. ot* plots 
600 lb. 

Xo. of plots 

700 lb. 

Xo. of plots 
800 11). 

Xo. <.»f plots 





Ptuiod aftci 

• sulpliuriuff 




l~2 

inos. 

3-4 

TUOH. 

5-6 

TllOS. 

1 yr. 

2 yr. 

3 yr, 4 yr. 

5 yr. 

6 yr. 

7yr. 

G.7 

r,.8 

•J.S 

5.9 

5.1 

.5.6 5.7 

5.7 

5.7 

5.7 

G.lI 

4.9 

4.9 

5.0 

5.2 

5.1 

5.1 

5.1 

5.2 

\'2 

14 

20 

20 

11 

5 5 

5 

5 

4 

G.l 

4.9 

4.7 

4.9 

4.9 

4.9 5.0 

5.2 

5.4 

5.4 

SO 

93 

95 

98 

98 

87 83 

45 

6 

3 

G.l 

4.9 

4.7 

4.S 

4.8 

5.1 5.0 

5.0 

4.8 

5.2 

16 

18 

24 

24 

24 

15 9 

-> 

3 

o 

5.1 

4.9 

4.6 

4.8 

4.8 

4.8 4.9 

5.2 

5.2 

5.3 

1 Ol* 

101 

108 

108 

108 

10 i 94 

61 

14 

10 


RFLATIOX OF RATXFALI. TO SOIL ROT 

Clrservations iii iiouisiana as well as elsewliere liavc indicated that there 
is a d(*finite relation between rainfall axid tlie severity of soil rot. The 
disease may ite sevi^n* in seasons with periods of druiiLiht. especially if these 
occur V ithin a month after plantin.Li', which is the time tlie i*oots arc develop- 
iijR" on the younti* ])lants. Tlie disease may be entirel>' unnoticeable in years 
with sufficient rainfall well distributed throujihoiit the erowiiijx season, 
in tlie su]|)liur tests )ien‘ reported, the amount and the distribution of the 
rains w<*r(‘ very important in evaluathm the results obtained. 

In Louisiana. sw(M»t |)0tatoes are planted at an,\- time durine’ tlie spring 
and early summer, Init in re(*ent yeai's, in order to increase yields and also 
to have marketabb‘ potatoes during- the early fall imaiths. tliere has been a 
tendency to plant as early in tlie sprinc:’ as possible. Because of this, most 
of tin* cro]> is })]anted in May or early June. Tlie actual date of planting. 
howev(*r, depends to a ^reat extent <»n the condition of the soil, as sufficient 
moisTure must lie presimt to enable tlie jilants to estalili.di their root systems. 

W<*ather conditions in the sprint in Louisiana var\ considerably from 
year to > ear. On tlie averajre, tliere is less rain in iMay and early June than 
in later months, and often there are periods of two to tlvree weeks or more 
without suffit'ient rainfall to meet the recjuiremcins of the yomiii’ sweet- 
potato ])lan1s. 'When sncli (*onditions occur, tile r^ots become so severely 
injui*ed by soil rot that they do not rei'over satisfactoi’ily. even though the 
rain later is ample. For planting in May, the critical raiurall ]>eriod seems 
to be tile last half of A]>ril, all of May, and tlie first half i>f June, 

H(‘siilts olitained in the snljdiur tests ran be evaluatetl lietter if they are 
eonsidered witli the rainfall data. As re|)orted V>y tlie V. S. Weatlier l>ureaiL 
the rainfall at (Jrand Coteau, a station cb»se to 8unset, flu ring the critical 
spring ]Kvriod for the years btdween am] Lido is ])rt*s(Mited in table 2, 

The ('lassifieat ion, as to wet, dry, or normal, is based on riie v)piiiions of field 
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workers. The sulphur tests were made between 1937 and 1945, but the 
earlier 3 'ears are in eluded in order to explain the earlier oceurrenees of 
soil rot. 


TA nj.E 2,—Iiainfan at Grand Coimn, for sprhui planiinf/ acasons, 


Year 

A])r. 16-30 

'.May 1-15 

:May 16-31 

.lime 1-15 

Ho>v elassifii‘tl 

1933 

3.38 

1.72 

3.90 

2.54 

Nonna 1 

1934 

2.12 

1.02 

2.19 

1.49 

Dry 

1935 

I37 

11.70 

1.52 ii- 

2.99 

W^t 

1936 

1.37 

0.61 

6.97' 

0.06 

Normal 

1937 

0.20 

2.9S 

0.94 

2.71 

T>rv 

1938 

2.66 

0.84 

2..31 

1.29 

Dry 

1939 

0.71 

0.93 

4.06 

3.88 

Xonnal 

1940 

8.16 

0.42 

0.65 

5.69 

lYet 

1941 

6.11 

4.70 

4.4.5 

15.89 

Wet 

1942 

0.00 

0.88 

1.77 

6.81 

Wet 

1943 

1.43 

1.63 

2.33 

0.00 

Drv 

1944 

2.14 

2.00 

3.84 

0.96 

Dry 

1945 

50-yr. 

1.49 

0.33 

4.27 

4.22 

Norm .'ll 

average 

2.18 

2.75 

2.75 

2.53 



Between 1933 and 1945,.there were several years tliat \vere abnoi’inally 
dry or years in whieh, at soim* tune duriinjr tlu^ sprin^i*, there were Iouli' 
periods with but little rain. These would inelude 1934. 1936, 1937, 193S. 
1943, and 1944. Of the others, 1935, 1940. 1941. uihI 1942 were definioly 
wet in the periods following;* plantin**-. As I'aiiis are often local, \veatluu' 
reports do not always give the actual eotidition in a ])artienlar field. Out¬ 
breaks of soil rot that have occurred in the Stale and have caused nnwavn 
to the growers have been in the years listed as dry years. The outl>rt'aks 
which occurred in 1936 and 193,7 wer^» definitely res|>onsible for tlm |n‘(‘s(‘nt 
investigation. 

of si LfUit r ox yiei.ds 

During the eigiit years, yields were obtained from as many ol' tlie sul¬ 
phured plots as \vas possible. In the Sunset area, a (^rop rotation is fo]]owr<l 
and so, in most cases, swa^et i)o 1 atoes were grown on tin' sul})hined ]>h)ts 
only once in every two or thrt*e years. In the eight years, yieltl data were 
obtained from 60 tests. Tliese tests wei’e not entirely eomparabh', bring 
made in different years under various weather eonditioiis and in fi(‘his in 
which sulphur had been applied in a varying numb(‘r of year.s pj-eceding- 
the tests" Also, in some tests, it was not possible to set out all tin' jdants 
at the .same time. Hi)wever, it is felt that, wdtli tin' exr'eption of tlmse 
obtained in 1940, the results presented are reasonably representat ive and 
show^ fairly accurately what may be expected from apjvlying sulj>liur on 
fields infested wdth the soil-rot oi*ganisni. In .1940, after a flood in August, 
many of the fields were under water and the plants in both snlplnired and 
nonsulphured plots wei-e badly injured. 

The results obtained during the eight years are in table 3. Tliese iin'lude 
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Jill tests, those made the first year alter applying tlie sulphur as well as 
those made from two to eight years after applying the sulphur. 

TABLE 3.— Average yields per acre, in oO-lh. crates, on sulphured and nonsulphurcd plots 



No. of - 
tests 

No 

siilplnir 

Rntc‘ of 

500 lb. 

sulplmr applied per acre 

600 lb. 700 1)>. 

800 11 ► 

— Moistiire 
condition 

lie; 8 

8 

8.0 

77.4 

00.1 

66.0 

83.3 

l)ry 


9 

112.8 

138.5 

133.2 

124.7 

111.7 

Normal 

:i mo 

10 

r»7.o 


74.7 

69.4 

63.5 


1941 

12 

123.0 

116.0 

115.2 

186.5 

113.1 

Wet 

1042 

T) 

15G.3 

130.0 

166.0 

137.1 

1 56.0 

Wet 

1043 

5 

56.8 

04.1 

114.5 

123.6 

125,2 

Drv 

1044 

0 

35.4 


156.7 


177.!‘ 

Dry 

1 04;‘5 

pj 

81.1 

102.6 

127.4 

111.6 

14}C3 

Normal 

in 

evaluating the r( 

suits, it sliould 

be recognized 

that 

they are not 

: j*ieMy 

com pa 1 

*ahle, ami 

on this 

ac^coimt 

variations with the 

different rates 


of iij)pli(*citi()i) should not be eonsidej-ed signifieant. The tests were in dif- 
fereiit \ (Nrrs. some wet and some dr>-; often it was not possible to plant all 
j>lots in a single test at tin* same time; in some instances, soil moisture was 
I'aN orable at ])lanting time and in others it was not; often the infestation with 
tJit‘ Aetinomyeete ^^as not ecpially distributed in the field and, on this 
aiMMUint, the plants in some plots wei-e more severely injured by the pathogen 
than those in others. The tests, however, were on a large scale and the 
results are reliable. It is believed that tliey give a fairly accurate idea of 
wliat was obtaijied and what may l>e ex|>ected in the future with the sulphur 
Treatment. 

ft was recognized in the early years of the investigation that the increases 
in yield from the 501 ) Ih. a])plieati(»ns of sulphur were not so great as those 
with the a])pli<'atious of 600 to 800 ]h., ami in the later years the higher 
ai>plieatioiis were used almost exclusively. However, significant increases 
were obtained willi all of the a|>plieatioiis. In dry years these increases 
wei* ‘ very large. 

.Vs the increases from the diftertmt treatments were ]iot very different, 
lh(‘re are ])r'esen1ed in tal)h‘ 4 the average increases olTained from the snl- 
pliur treatnieiits in dry and wet years and also in years considered fairly 
normal from the standpoint of precipitation. 

TABIjE 4. —Increases in yield, 'measured in oO-lh, crafts per aciK, resulting from 
sclphnr treatment in wet, dry, and normal years; all ircatments and tests aiwraged 


Avernge yields in crates 


Rainfall 

conditions 

per 

No 

sulphur 

acre 

Treated with 
sulphur 

Tncrea.'<es 
ill crates 
per acre 

Percentage 

increase 

Drv years . 

33.4 

111.9 

78.5 

235.0 

Normal years . 

96.9 

124.8 

28.1 

29.0 

W^et years . 

139.6 

141.2 

1.6 

1.2 
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The results obtained in the so-called dry years, or in those years in which 
the soil was dry diiriiiji’ the period wlien jdants were prodncingf their roots 
and becoming? established, were very outstaiidinj?. In such years, on many 
ol* the noiisulphnred plots, the loss was total or practically so. Only in 
those plots in ^vhie]l tlie infestation of the Actinoniycete was apparentl>- 
restricted, did any of the plants frrow and jvroduce potatoes. In the sul¬ 
phured plots, the yields were satisfactory and as good as or better than tic* 
average of the fields in the community not affected Mith tlie soil rot. Sul¬ 
phur was responsible for an average inc|fcasc of 78.5 ci’ates )>cr aci’e, or 23o 
per cent. In some tests, increases <»f 120 to IbO ci*ates were obtaiin^d. In 
what were considered normal years, an in(*rease of 28.1 crates or 29 jier (»eiit 
was obtained. In the wet years, however, the sulphur seemed to havt^ littb* 
or no effect. 

now Loxr. is splcih r pkfectivI': 

From the standpoint of the growei‘, it lias been im))oi*tant to deteriiiiio* 
tlie effectiveness of a single ap|>licati(»n of snlplinr in (controlling soil rot 
in the succeeding years. If snlphur were only (effective in holding tic* 
disease in check in the season imnH:‘diately following its application, its 
use might not he a pmctical mctlud of control, because of the expense 
invo1v('d. If. li()W(‘vcr, satisfactory sweet-potato cro|)s could be grown in 
the tre^ated fields for six or eight yeai’s, the expense of treatment that miahl 
be charged to each croj) would he small. 

The tpsts in the last fenv years (»f tic* investigation wci*(' to detenuim* 
the lasting effects of the sulphur. Xo new applications of snlplmr were 
made and the plots nst*d were ibo.se whirli had been sulphured from 4 to ^ 
years earlier. The yields obtained in the individual t(»sts in 1944 (a rlry 
year) and 1945 (a noruial year) with the number of years after th(‘ a()|)li 
cations of suljdim* arc included in tablo .5. Onl\' the jilots whi(‘li rcr(*iveil 
600 lb. of sulpliin* arc included, 

^PABLE 5.-. The rfftcl'nfness of sulpher frtaUneni in times frdltneinf/ application. 

yields ttf nonsulphtief (1 plots and jjlois trfohfl nith (Ujf) lb. sulphur in 'individual lusts ‘hi 
Id f l (drif year) ovd (normal year > 


iU4r> 


Crop year 

Xo 

"rr(*ated 

Crop year 


Trc'ated 

after 

treatment 

.solpiiur 

Avitli 

snlplmr 

after 

treatment 

.*\ o 

snljdinr 

with 

snl|>hnr 

4 

0.(1 

112..^ 

.. ’ n 

I2>4..^ 

ir):{.2 

4 

I.S 

Mfi.4 

8 

44,1 

121.0 

5 

S2.1 

204.0 

() 

n»8.:i 

200.7 

4 

0.7 

129.4 

. t 

:i2.:i 

107.9 

4 

is.o 

187.2 

0 

20.1 

r;4.2 

0 

lOH.S 

.188.7 




It seems ^ 

certain that 

on the ten 

•aec soils of St. 

Landrv Pat 

■ish in Lo 


ana, applications of 600 to 800 11). of sulphur will largely eliminate ]o.ss<*s 
from soil rot for five to six years and jx.ssilily hmgor. While it has not been 
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deterniined will) ('ertaiiity how loiij? a sulphur ajiplieatioii will be effective 
in control]illthe soil-rot orjrauisiii, it has seemed advisable to recommend 
a second application of sulpliur at the rate of 200 to 300 lb. per acre after 
five to six years. Such an application seems neeessary to hold the pH of 
the soil close to 5.0. 

SUMMARY 

Tile soil rot of sweet potatoes has (*aused serious Josses in certain areas in 
Louisiana sinee 1934. 

The causal or^ranism, Aci 'numiyces iponiom, is not important at a pH of 
5.0 or less. The terraee soils in St. Landry Parisli in which the disease has 
lieen troubh^some vary from pll 5.G to 5.8. 

By applying* sulphur at i*ates of 500 to 800 11). per acre, it has been pos¬ 
sible to low(*r tlie pII of tliese soils to about 5.0 and to maintain it at that 
level ibr four to six years. Tlie 500-lb. application was not so effective as 
the hijrlier ap]>lications. 

Losses fi'oin soil i-ot have been practically eliminated by the application 
of sulphur. In the better fields, increases of 120 to 160 crat-es per acre 
from the sul})hur-ti-eated ai’cas have not been uncommon. 

The (lis(‘ase was luoi'c severe in years when rainfall was low at the time 
tlie yuun^* jilants were jiroducinji: roots. In dry years in severely infested 
fields, all jilaiits w<*re killed, or failed to jiroduce ^U)od vines. In very wet 
years, lossi^s from soil rot were sli^dit. 

DECAin’MKNT OF Ih^AXT PaTIIOLCKIY, 

Louisiana Aohioultiuul Experiment Station, 

ILvto.v Rouoe. Louisiana. 



THE CYTOLOOY OF M8TILAGO 8THI1POKM1S FORMA 
POAE-PRATENST8 IN ARTIFICIAI. CULTURE^ 

.J . 0 . L E A (’ Jl A N 1) IM A ]{ y A L I C E R \ .\ N 

(Arcopti'd for piiblic'ntioji Juiu* lI7, 104()) 

IXTRODirriON 

Stripe smut of grasses, Vsiilmju striifonnis (West.) NiessI, is kiioAvu to l)e 
])Mra.sitically specialized and at least fi>^‘ ])liysi()Io^ie forms liave been recog¬ 
nized (4, 5). The ])liysiologie forms are distinguished ])rimarily on the basis 
of host specificity, althougli marked dilferenct's in methods of s])ore germijui- 
tion, cultural behaviors, and life Idstories liave been reported (4). Leach, 
LoAvther, and Ryan (PI) called attention to c(‘rtain of these differences and 
have described the uni(pie behavior of the stripe smut from bluegrass {Poa 
pmfensis L.) Avlien grown on agar. They showed tliat this smut readily 
forms chlamydospoi'es on |>otato-dextrose agar and has two distimd ty]>es of 
vegetative growth. 

The first isolations of this smut were ol)tuined from tissue (udtures made 
from unruptured pustuh's and th(‘ irnrnediattdy surrounding host tissue. 
Two types of ('olony wei‘e observed in the original }dat(‘s, one (*onsisting of 
straight, radiating liyphae that formed a tough, leatliery, mycfdial mat, tiie 
other being composed of irregular, iuirved hy|)Jiae that. Avlum disturbed, 
broke readily into numerous slun’t fragments. The latter type of (*olony has 
a wrinkled topogi*aphy and is waxy in textun*. S|>ores were formed by l)oth 
kinds of <*olony, but W(‘re formed soomu* and more fi*e(juently by th(» frag¬ 
menting type. Altliough tlie origin of tlie first colonies isolated was not 
noticeil, microscopic observations made of later isolations imiicated tiiat the 
fragmenting colonies arose ('hiefiy from myc(dial fi-agments fi*om immaturi* 
pustules, Avhile tlje radiating colonies ai*ost* fro?n giuaidnating spor(*s. (germi¬ 
nating s])ores, however, may cventuaily give ris<* to fragmenting ('ohndes. 

llecause of tlie unusual ability of this smut t4> 4*om|>lete its life history in 
artificial culture and because of its i)ecidiar tvjies of V4‘getativ(‘ gi*owtli, a 
cytological study [)romised to be of imu'e than ordinary interest. It is the 
purpose of this pa|*er to describe the cytology of the fungus as studied in 
artificial culture. 

AIATEUIAUS AM) .METHODS 

All effort Avas iiiade to slain the fungus with a nuclear stain in all stages 
of growth from earfy spore germination to tlie formation of mature chlainy- 
dospores. Spores Avere germinated in distilled wattu-, in <]ilnte malt <‘xtra('t, 
and on a thin film of agar sjiread over the surface of a slide according to the 
method used by Wang (15). The Iasi melliod, in general, gave the most 
satisfaetorA' results. Tlie various stages of vegetative growth Avere obtaiiual 

iPiiblislicd with the approval of the Director of tlu’ West Virginia Agrieultural 
Experiment Station as Heientific Paper No. .‘155. in coojxMalion will) the V. S. tlegiomd 
Pasture Research fiaboralory, U. S. Departiraait of Agriciilturt*. 
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partly by allowiniir jicrniinatin^* spores to jirow for various periods of time 
on the a^ar film and partl>' ])>’ takinjr material from Petri-dish cultures of 
ilitferent aji'es and spreading* it over slides covered with e^g-albumin fixative. 
The luaterial was killed and fixed by exposure to the vapor of PJernings’ 
weaker solution for JO to 20 minutes. The fixed material was stained with 
fairly satisfactory results l)y usiujr iron-alum haeinatoxylin and followinjr, 
with minor variations, the schedules of Holton (10) and Hirsehhorn (9). 

RESULTS 

As })reviously rei)orted (13) the ehlamydospores frerrninate by formiiiji: 
a ;j:erm tula* that usually braiiches before it lias become more than 100 p long. 
The g(‘iTM tube branclies sooner and more profusely in a nutrient solution 



Fig. 1, A. An iinbranehca ^enn tiibo (*ontaining four nuclei whoso size and cliarac- 
teristie, jrvonj)ing imlienti' tlnU they orij^inatod through roduetioii division. Stained witli 
iron alum haeuiatoxyliu. Aj)i)i’ox. mOO x. B. A segment of a diploid (synharyoticA 
mycelium showing the large* obUmg diploid nuclei and the thick, trauspareut septa, which, 
upon dissolv ing, cause the mycelium to !)reak uj> into short fragments. Approx, 1200 X. 
Note the relative size of the nuclei in A and B. 
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tliaii ill distilled water. Oeeasioually two distinct fiei*iii tubes are formed, 
usually arising* from ofiposite sides of the sjiore. The germ tube is iion- 
septate and produces no sporidia. Without noticeable pause, the branched 
germ tube, when growing on agar or in a nutrient solution, grows directly 
into an extensively branched mycelium. Thus, the growth of the g(‘rm tube 
is indeterminate, and the promycelium, charatderistic of most smuts, is com- 
])h‘tely lacking. 

The nuclei stained well and were readily ri‘(‘ognized. liecanse of the 
dark color of the spore wall, the belnjvior of the nucleus within the sjiore 
could not be determined clearly. Apfiarently the spore contains one large 
fusion nucleus, as reported for most other smuts. This nucleus divi<les early 
in the i>roeess of gei*mination. I'sually it divides after entering the germ 
tube but it may divide while still within the spore. The latter is (‘vidently 
the t^ase when twc) separate germ tidies are formed. The first division is fol 
lowed immediately by a second; lienee, four nuclei in orderly arrangimienl 
are very common when the germ tubes are stained at th(‘ pi’oper time (Figs. 
1, A, and 5, A, B, (0- All stages from one large fusion nueleus to the foui* 
smaller, apparently hajiloid nuclei are found in >'oung germ tubes (Fig. o. 
A-F). Tliis niK'lear beliavior is interpret(*d as evidence of tlie occurreiUM' 
of reduction division,'although individual chromosomes and their beliavior 
('ould not be recognized with any degree of certainty or consisteiu'y. 

The nuclei in young germ tubes are nearly spherical and measure 2 to 3 g 
in diameter. There is, how(*ver, consid<‘rable viVriation in size and shapi^ in 
different preparations. Although the inudei wc're W(‘ll dilfei-cntiated, the 
behavior of individual (*hromosomes could not b(^ followed. In many indi¬ 
vidual nuclei chromosomediki bodies could be detected, but it was onl>' b\ 
the exercise of much imagination that their behavior could be interpreted 
as meiosis. If the observed chromosome-like bodies are true e.hroinosoiues, 
the chromosome number in the haploid nucleus is, in all proliability, two. 
In many cases, however, nuclei aiipearing to (consist of two chromosoim^s 
could equally well have been interpreted as nuclei und(‘rgoing division, in 
which individual (diromosomes could not be distinguished. Hence, no defi¬ 
nite statement can be made at this time as to chromosome nundier or behavior 
of chromosomes during meiosis. 

By the time the original fusion nucleus has given rise to four nuclei, or 
soon thereafter, the germ tube has begun to branch. Without any notice¬ 
able rest period, tlie nuclei continue to divide. One or more nuclei migrate 
intcsthe different branches and nm^lear division continues as the branches 
grow. Up to this point few or no septa have formed. Soon, liowen iu’, in one 
or more hyphae thick, transparent septa may ajipear and a change in tlie 
method of growth in tliese hyphae then takes jilaee (Figs. 1, B, and 5, H, 1, 
J, M). The hyphae in whieb this type of septation lias oceurred continue 
to grow and form branelies, but the branching is of a different type. The 
new branches always arise adjacent to a septum and may curl backward or 
grow in almost any diretdion. Septa form at short intervals in the enrled 
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branches and more new branches form and curl in a characteristic manner, 
proilucinj^ a type of gi'owth that is easy to distinguish from that of colonies 
with radiating hyphae. As this type of growth ('ontinues the septa become 
greatly thickened. Part of the thick, transparent septum aj)pears to dis¬ 
solve, so that tlie myc'clium, when disturbed, breaks up into short fragments, 
each consisting of a single cell or a few loosely attached cells (Pigs. 1, B, 2, 
and 6, B-J). 

With this change of growth habit tliere oemirs also a change in the 
chararder of the nucleus. The cells of the new type of mycelium are typically 
uniniK'leate, but the nuclei are much larger than the haploid nuclei in the 



Fkj. w. Frjigiiuvnts of (svnkarvotic) myorlium showing separation of iiuii 

vidiial I'clls b,v dissolution of the thiek hyaline septa. Each cell contains a single large 
tuicleus helievid to he di]»loid- 'the nuclei vary in sha])e bnt are most frequently oblong. 
A [>j)rox. ] l30(» V. 

youn.g germ tube. The nucleus is usuall.y oblong ratlier than spherical, its 
longest diameter being greater than the diameter of the inycelinm. Its 
oblong sluipe, tber(‘fon\ may be the result of compression (Pigs. 1, B, 2, and 
6, B-J). An oia-asional cell of this mycelium may be observed with two 
nuclei, often very (‘lose together (Pig. a, J). In such cells the nuchms is 
ass\im(*d to have just completed division. 

T}H*se large nuclei stain ^'ery heavil.v and, although in certain individual 
nuclei clironiosouie-lilve bodi(*s could be detected, no definite number could be 
found witli suffii'ieut consistency to justify an uiuptalified statement as to 
cbi-Qinosome content. All eireiimstantial evidence, however, indicates that 
tb(\se are diploid nuclei and that a fusion of nuclei of opposite sex occurred 
just prior to tlie origin of the fragmenting my(*elium. The cells of the frag¬ 
menting nn i'elinm, therefore, are assnmed to be synkaryoti(‘. 
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Other braiielies of tlie same inyceliiim may contimie to ^row iji the radiate 
manner. Although tlie radiate hyphae eventually become sei)tate, the septa 
are further apart and much thinner. Also, tlie se|)ta show no tendency to 



Fig. .{. A. A .sector of* a ''crlical cro.ss Hoctiou of a radiating colouv of I ,sfHa(iio 
fiiriiformis' ^rovvii on j)otato dextrose ajjar. .Near the eeiiter of the picture is a voun^ 
pocket of spores that originated beneath the .surface of the eolonv. Approx. lOO x. A 
more highly magnified picture of tin* spor«* pochet i.s showu in tigure'd. It. A spoia* pocket, 
older and larger than the one showu in \ but from the same colony. I’lidifferentiated 
mycelial fragments occur in the cent<‘r of the pocket while mature spore.s are foujid at the 
periphery. Approx. 100 x, 

ili.ss()]v(. and tliere is no fragnientiiifr of tlu* niycelinm. The nnelei of stich 
mycelimu are sniaUer and more nearly spherieal (Pi<r. 6, A). It is believed 
that these hyj)hae eo)itain haploid nnelei. 
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OrUni fairly lar^e eoloiiies of radiating: inyeeliuin may be formed but 
eveiitiiaMy small poekets of frajiirieiiliiijr rnyeeliiim Mill apjiear and spores 
will be formed ( Fi»rs. 8 and 4). Sjiores ai-e never formed directly on radi- 
atin|»‘ byi)hae but m heuever the frafrmentin^ typt‘ of mycelium appears in the 
colony it, Mith rare exceptions, proceeds direidly to spore formation. This 
j-esults in pockets of spoi’cs that a])})ear to be formed in a centrifugal manner 
from a central “ meristematic’’ cluster of multiplying’ mycelial frajiinonts. 

In still other* (‘as<*s the chanjue in tyjie of ^u’owtli may occur very early, 
sometimes as soon as the ^uuTii tube bej^ins to branch (Fi^’. 5, K), and the 
entire mycelium Mill be of the fra»’mentin<>’ type. This behavior may be 



Pin. 1- 'I'lic s]>()i(‘ ])(U'k<‘t shown in lij^urc 3. A, ninguifiod about ItK* x. Tin* spores 
:n'<‘ t'ornung from sliort myeelial fragments. 


due to iinnsually early karyogamy or, perhaps, to such a failure of the 
original fusion nnehms to undergo reduction division as Avas reported by 
Christensen ( 1o tx'cur occasionally in Uslilago zcaf. 

The jtrocess ot' sjhirt* formation has been studied carefully and no evidence 
of hyphal fusions lias been found. Elach cell of a fragmenting* myeelium 
may either gi*OAv and foi*m ucav cells or develop directly into a ehlamydospore 
with no fiirtlier fusions of nuclei. Various stages in this jirocess of spore 
formation are sliown in figure (i, K 0. The individual hyphal cell enlarges 
near tin* middle, becomes shorter and thicker, and gradually acquires a 
spindle shape. The mi(*lens eidarges and becomes extremely irregular in 
outline and someAvliat diffuse. As the spore becomes mort* globular, echinii- 
lations appear in tlie cell Avail and tlie nucleus becomes denser and more 
regular in outline. At tin* same time the cell Avail takes on a broAvii color 













1946] 


Leach and Kyan: Stripe Smut p^rom Bluegrass 


888 


In some eases the myeeliuin does not all break up into fraj^ments and 
inter(*alary s|)ores are formed in chains (Fi<j:, 6, P, Q), but this is not the 
typical metliod. 

(>*rtain cnltui’es of the fraj^mentinjjr-inyceliinn type have never formed 
spores althoiipili they liave been cultured on ajiar for more than two years. 



h.Vplui<* ami iiiytolial scf^im-uts wilii t'clls each eontaiiiiiig a siugit* large diploid mn*le\is. 
L-(^, various stages in tlie transforniation of synkaryotie eells into ehlamydospores. 
Approx. 700 V. 

No significant dilfereiK'es in their myeelia or manner of groAvth have been 
observed. Xmdear stains sliow that the mycelial fragments in the nou- 
sporulating culture have (lie same type of large oblong nucleus, but the cells 
continue to grow \fgetati\ely ami do not form spores. No satisfactory 
explanation for their failure to sporulate can be otfered. 
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DISCUSSION 

The cytology of this fungus is diflViTiit tVoivi that ot any smut previously 
cleseri})e(l. Since si)ori(lia. are not rorined and there is no evidence of liy|)hal 
fusion, it must be assumed that the fun<»us is normally homothallic. How¬ 
ever, siru'C apparently liaploid mycelium is formed, it is j)ossi])le that by 
])roper mani|)idation hyphae of o))|M)site sex could b(‘ separated. Cinnim- 
stantial evidence indi(‘ates that reduction division occurs followinji' ^ermi- 
iiation and tliat tliere is no?*mally a. partial rei'ombination of lia|)loid nuclei, 
presumably of op])osite sex, in the bran(*l|^in^ ‘ii'rm tubt‘. Kai'yoi^amy api)ar- 
entlytakespla.ee immediately followinji' the recombination, althou^li it is not 
always possible to distinguish lictween nuclear division and nuclear rusions 
in this sta.<»'e of development. There is no distim-t dikaryoj)liase. There is 
a multi|)]ieation of the (li])loid nucleus ami extensive <»‘?*owth ol syid\aryoti(*. 
mycelium preceding* s]a)re formation. In so far as tlu^ writei’s know, these 
two ])henomena are not known in any other smnt. 

It has not been possible to determine what ('vtolojiical pj’ocesses take |)laee 
when the funjivis, after j^rowinj^* for a considerable time as a ha|>loid ratliate 
mycelium, clianjics over to the rrajnnentinji type at localized points in tin' 
(‘olony. It could be that there is a. delayed j)airin^' and fusion of nuclei (d 
o])posite sex, possibly through fusion of adjacent hyphae. No such fusions 
have been observed, })ut (X'casional fusions of tliis type would not be easy to 
detect. On tlie other hand ther(* may be spore foimiation from bisexual 
hai)loid nuclei asreporl(‘d by Hanna (ti. 7 ) in ('ojH'nnfs by Hard(‘r 

( 8) in Copriinis Hfer(jiiiliin{s, and by Win^e ajid Lausts(‘n (16) in S(n‘ch(n'o~ 
(;llij)soid(ufi. Although no definitely dikar\otic mycelium lias been 
seen, it must lie remembered that ])aralh*l <‘onju^ate division is not the rule 
in smut fun^'i and (x'casional binucleat(‘ ny})ha(‘ mi;^bt b(‘ overhxiked. 

Tire cytology and life history of this smut ai*e so strikingly dilTm’ent from 
those (d' other smuts generally ciasNified as pliysiolo^ic forms of IJsIthtf/ff 
sfriifot’hiis that one seems justitied in (jnestioiiinji- its s|)ecific identity. The 
authors consider it lunvise, ]iowe\ei’, to attempt any (‘lianjies in nomemdat ur e 
until more extensive comparative studies have been made. 

Not only is the cytology of this smut imi(|ue I'oj- l\stihf(/o sfriIff/i itiis. but 
it also dc[>arts widely fi*om the usual com-epts of tlu* cytology of smuts in 
general. The smut apparently is oin* of the few truly homothallic smuts 
and, in so far as the author's have been abb* to learn, no other smut ami few 
fungi are known in whicli there is a synkaryotic vegrdative stage. 

BTi/zard (1) found no fusion of spm'idia or of sapi'ophytic mycelium of 
JJrocystia cepulai. In the host plant the vegetative mycelium was uninucle¬ 
ate until just before sporulation, when binucleati* cells ap|)eared without any 
evidence of liyphal fusion. This has bcHvn intei'|)reted (12) as a jrossible 
homothal lie siiecies. 

G) up/iiola phoenicis probably is liomothallir*, since, acemrding to Killian 
(11), its short dikaryo])hase is not the result of cell fusion. It is possible 
that Usiilarjo ischaemi is liomothallir', since, according to Boss (2), it forms 
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('lilaiiiydospores from uiiiniiplcate cells. However, siiiee neither rediKdion 
division nor fusion of niudei were demonstrated for 111 is fungus its eonditioii 
is subject to other inter|)retations. [See Kniep (12) and Sampson (14).] 
Sam])son (14), in reviewing* tlie eytolojry of the smut funj^i, recognized 
their extreme variability and ])oint(‘d out how previously accepted conce|)ts 
were revised as more species were studied. Apparently the present study 
calls for still I'urtlier revisions of our concepts of smut cytology. 


SFM AfAR V 

Vslilatjo slrllfonHis from Ptfa pvatensis completes its life cycle and forms 
('hlaniN'dospoi'es on agar. A eytologit'al study was made of the fungus in 
culture and, according to tli(‘ writers’ interpretation of the mielear behavior, 
the fungus is normally honiothallit'. It produces both haploid and diploid 
( syid\aryoti(') v(*getative mycelium and it lias no true dikaiwophase. The 
(ddamydospoiv (‘ontains a huge nucleus, apjiarently diploid, that appears to 
undergo reduetion division soon after sj)oi*e germination. The germinating 
spor(‘ d(»es not form a true [n-omycelium Init ]>ro(luces a branched germ tulie 
of ind<‘terminat(‘ growth. Sporidia arc not jiroduced and hyfdial fusions 
have not been observed. A partial reassortnumt of nuclei takes |)laee in the 
branching g(‘rm tube or resulting mycelium, and karyogamy occurs without 
ail intermediate dikaryopha.se. The syukaryotit' (-ells multiply vegetativ'ely 
forming a charactci’isti(' fragmenting mycelium readily distinguishalile from 
the radiating ha|)loid myc(‘liiim. The diploid synkaryotie mycelium in its 
typical form of growtli lircaks ui> r(*adily into short fragments, each cell of 
which <'ontains a single large a])parently <liploid nucleus. Each cell of the 
fragmenting synkaryoti(‘ mycelium may be transformed directly into a 
chiamydr)spore or it may divide to form new synkcirvotic cells. 

West X'lHoiNi v AoRieri/rrR.M. Expkri.mext Station. 

Moroantown, West A'iicuma. 
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FUNGISTATIC^ ACmON OF DIPHENYL ON SOME FRUIT AND 
VEGETABLE PATHOGENS^ 

IJ A K B A l i A 0 . I T E I B K H 0 AND G L K X B . B A M S E Y - 
(Acc(‘pti*(l for publi<*atioii »hily .'J, liMO) 

111 a Study ol* the fuiijiistatie aidioii of di])l)eiiyl (C-rjH;. • vapor on 

eitnis fruit pathof’ens in pure (odtiire tliere was a Avide raiijre of toleraiiec' 
to this elieiiiieal by different fun^i/ TJie jrrowth of some of the most serious 
eitnis jiatho^ims was almost eom|)letely iiihiliited by the diphenyl vapor, 
some Avere moderately snpjn-essed, and others }>reAV at praetieally the normal 
i*ate at 4(U and 70 ' F. Tliese studies indieated that furtluu* tests with other 
fruit and ve*>etab]e |)atho<»eus mijilit be Avoi'tliAvhile sinee the fiin.i»istatie 
aetiou of diplieuyl has been sueeessfully utilized as a means of eontrolling 
decay in exjierimtmtal ami c(»mmereial shijmieuts of citrus fruit. 

The use of diphenyl foi- eontrolling the de\ elopimrut of decay in packaged 
(‘ommoditi(‘s is greatly limited Ixvause the o<lor of this (‘liemieal is taken up 
and retained by tin* cuticle aud Avaxy peel of mau\' jiroduets sueli as apples, 
pears, peaelies. tomatoes, (‘ucumbers. etc. IJoAveAer, the fact that citrus 
fruits do u(»t long retain tlie odor after exposure to the air suggested the 
possibility that e(‘rtaiu otlier fiaiits and vegetables might not retain the odor. 
If so, develo|)ment of decay in such jiroducts during transit and marketing 
miglit be controlled by diidieuyl impregnated wraps, pads, trays, or otlier 
containers, provided the pathogenii* organisms of sm*h products are satis¬ 
factorily controll(*d liy diphenyl vapor. Previous studies showed that di¬ 
phenyl vajior not only checks vegetative groAvth of many fungi but also 
prevents normal s|)ore formation in practically all species of fungi tested. 
This fungistatic agent thercd'ore should be of considerable aid in controlling 
the s|)read of deioiy liy (‘ontact and by jireventing inoculation of other speci¬ 
mens with sjiores. It would not be expected. hoAvever. that diphenyl Avould 
prevent disoiy in fruit or vegetable products in Avhich the pathogen had 
aheady become established jirevious to packaging. 

The cliief purpose of the ])i*esent investigation Avas to determine the effects 
ol' di[)henyl vaj)or on the groAvth of important fruit and vegetable pathogens 
found on tlie market. 

Stndi(‘s were made on 52 organisms representing do genera of fungi that 
cause d(*cay of fruits and vegetables during transit, stoi’age. and marketing. 
The groAvth of (‘ach jiatliogen was determined by measuring the diameter of 
]() or more eoIoni(*s groAvn on potato-dextrose agar in 10-(*m. Petri dishes. 

1 Investigation comluctcd by tlic Division of Fruit and Vegetable Props and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Kesearch 
Adniinistration, S. Department of Agriculture, in cooperntioji with the Department 
of Botany at the TTniversity of Chicago. 

2 Scientific Aide, '^Senior Pathologist; Bureau of Plant Industry, Soils, and Agri 
cultural Engineering, Agricultural Research Administration, IT. S, T>epartmeut of 
Agriculture. 

4 Ramsey, G. B., M. A. Smith, and B. 0. Heiberg. Fungistatic action of dijdienyl 
on citrus fruit pathogens. 1101.002.106:74-83. 1944. 
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TABLE 1. —Growth of fruit and rcffrtnhU patho^icns on potato-dextrose agar plates 
at room temperature when exposed to diphcngl vapor 


J)inmetpr« of colonies in nini. 


Or^niiisni 


(vOiitrol Diphenyl 


Altcrnaria citri Ell. & Pierce. 

A. radiclna Meier, Drechs. & Eddy. 

A, solani (Ell. & CJ. Martin) L. 1?. JonCvS <S: Grout .. 

A, tomato (Cke.) G. F. Weber. I . 

Aspergillus sp. from nectarini‘s.. 

Botrytis allii Mnnn . 

B, rinerea JVrs. . 

Cephalosporium sp. from celery. . 

Cladosporium eucumerlnum Ell. k Artli. . 

C, herharum Lk. .. 

Colleiotrichum. cireinans (Berk.) VT>gl. . 

C. glocosporknelcs Ihmz. . 

Coryneinn heijerinelcii Oud. 

THplodia natalensis P. Evans. . 

Poihiorella sp. from Avocado 

Bndoconidiophora fimhrinta (Ell. k Halst.) Davidson 

B. paradoxa (Dade) Davidson . 

Fiisarium selrpi Lambotte k Fautr.. 

Gloeosporium perennans Zeller & Childs 

Glomerella eingulaia (Ston.) Span Id. & Hchrenk. 

Macrophotnlna phaseoli (Maiibl. ) Ashby . 

Maerosporiwm sp. from tomato 

Afelanconium sp. from tomato . 

Melanospora .sj>. from potato 

MoiiUinin frneiieola ( Wint.) Honey . 

M. hixa (Aderh. & Raid.) Honey . 

Oospora laetis parasiiiea Pritchard & Porte. 

Ik nwilUim digilaiuin 8aec. 

P. i .rpansum 1 A. ex Thom. 

P. italicum Wehiin'r . 

Pestalotia sp. from ])jneap})lc . 

Pellieidaria inieroselerotia G. F. Weber 

Phoma hetae (Oiid.) Frank. 

P. sp. from apple . 

P. destwetira Plowr. ... 

Phomopsis citri Favve. . 

P.vexMns (8a(*c. & Syd.) Hartt'r . . 

Phytophihora cUrophlhora R. E. Sm. k Ih H. Sm. 

PhyUoslirta stromiucUa Bres. . 

Pleospora lycopersiei El. & Em. Marchal . 

Pythiiem debaryanimi Hesse. 

Jihisoetonia solani Kuehii . 

Jthisopus nigricans Fr. . 

B. sp. (no. M747) from peanuts. 

Selerotinia intermedia Rams(*Y . 

S. minor .. 

S. sclcrotiorum (Lib.) DBy ... 

Sclerotium rolfsii Have. . 

Feptoria eif-H Pass.. 

S. ly coper si vi Speg. . 

Hyncephalastruin sp. from peanut. 

Triciioderma viride Fr. . 


.‘i days 

7 days 

5 days 

7 da; 

Mf) 

70 

20 

40 

25 

41 

7 

11 

:h 

71 

8 

16 

55 

80 

14 

3i 

2:1 

45 

0 

T 

20 

80 

0 

0 

54 

80 

0 

0 

0 

17 

r 

10 

17 

54 

11 

14 

28 

58 

T 

7 

20 

50 

10 

22 

52 

74 

10 

50 

14 

28 

0 

T 

72 

80 

0 

T 

15 

80 

0 

T 

10 

42 

7 

15 

80 

80 

0 

T 

18 

50 

T 

12 

10 

20 

8 

18 

20 

74 

10 

52 

80 

80 

0 

'r 

HI 

51 

5 

15 

1:1 

55 

f) 

T 

A'J 

75 

18 

58 

10 

55 

0 

0 

15 

48 

0 

0 

17 

54 

17 

51 

25 

05, 

0 

T 

55 

47 

0 

0 

28 

80 

T 

r 

55 

80 

T 

10 

50 

70 

0 

T 

20 

71 

'r 

8 

28 

70 

0 

0 

21 

57 

0 

10 

20 

57 

T 

12 

45 

70 

T 

11 

25 

57 

27 

80 

20 

72 

0 

8 

14 

50 

0 

T 

80 

80 

80 

80 

SO 

80 

T 

8 

SO 

80 

0 

T 

80 

80 

80 

80 

4 

55 

0 • 

0 

7 

80 

0 

T 

55 

80 

T 

8 

45 

80 

T 

T 

7 

12 

T 

T 

0 

10 

0 

8 

08 

80 

0 

0 

08 

80 

17 

80 


80 = f ull plate; T ^ trace of growth. 


































jl94(i | Hkiberi} and Kamsey: Diduplnyd Vapor on Funoi 8BJ) 

For ea(*Ji a set of 10 plates was poured. Two plantiii|i's from vigor¬ 

ously ^rowiu^' jun’e (oiltiires were made on opposite sides half way from the 
(‘enter to the ed^e of ea(‘h plate. Five plates were held as eontrols and in 
the center oi‘ the remainin<»‘ 5 plates was introdiu'ed approximately 60 mtr. 
of diphenyl crystals. The plates were h(*ld at room temperature (68-72'^ F.) 
foi* one we(*k and the diameters of the colonies were measured 1, 3, 5, and 7 
days after inoculation. The average diameters of 10 or more colonies on the 
third and seventh days are shown in table 1. At the end of one week the 
(rn)henyl (O-ystals wei*e rtnnoved fi*om several of the plates in each test to 
determine whether or«ianisms whose j»rowth had been suppressed would 
recover. The va]>or from (JO m^. of diphenyl {*r>'stals did not prove fungi¬ 
cidal to any organism t(‘sted. Foloides of each fungus rec'overed in a few 
days and normal growth was resumed. 

Although a<‘(*urate (‘omj)aris(nis of growth rate between the species of 
i ungi listed in tabh* 1 <‘annot be made because the cultures were not all made 
at th(* same time or grown under ichmtical (‘onditions, the table shows a Avide 
variation in tolerance to diphenyl va|>or. 

The (‘ha»*act(*risti(‘ growth of the colonies of most fungi su|)pr(‘ssed l)y 
this chemical is a small, com])a('t mass of distorted, knobby hy])hae growing 
ovei* tlu^ s(piare of ijioculum and in some cas(*s spreading slightly onto the 
agar. (Irganisms that are only slightly (‘]i(‘(‘k(‘d by the diphenyl vapor show 
varying degia'es of distortion and abnormal growth of the hyphae. Some 
d(‘V(dop giant swollen cells; otliers have short bead-like strands of cells, and 
still others lay down numerous cross walls and the hyphae branch ex(*es- 
sively. Most oi'ganisins do not produce conidia or other fruiting bodies. 
Alf(maria radlciita, J^islaiotia sp. and CI(t(hhsp(niu)H oK'iiDifriaani w'ere 
the only organisms, among tliose supi)ressed by the vapor, that developed 
s|)on»s, and lliest* sj)oi-es were abnormal. Ccphahfsporiuin which w’as 
moderately well controlliMl, devt‘loped normal s|)ores in the presence of 
diphenyl vapor. 

Trivhodi rma riridi, Piffhiam d( harpamon, Plnffaphtliorn cifrophfhora, 
Oitspura la<dis parasitica, and Hhi^opas sp. (Xo. 3747) ])rodiieed normal 
hyj)lKie and spores in the pre.sence of diphenyl vapor. Rlii<apus sp. (No. 
3747), isolat(‘d from {)eanuts, a high tem))erature organism, was suppressed 
in growth oidy slightly by diphenyl whereas a good control of Rhizopus 
iii</ricans was obtained. The elfecd on the peanut organism was a sup}u*es- 
sion in luxuriaiu'e of growth and in the number of mature sporangia devel¬ 
oped. After three days the control |)lates were full of mature bla(‘k spo¬ 
rangia Avhile the colonies in the diphenyl plates remained white, develo]>ing 
only a bwv black sjtorangia around the edge of the plates. 

In order to dettnunine the least amount of di])henyl crystals needed in a 
lO'Cin. ]>late to (dieck the groAvth of very .sensitive organisms such as Diplodia 
nfifaJcHsis and Rhiz(p>Ks niijricaas and of a moderately tolerant organism 
such as Altcrnaria. radiciaa, ])]ates were inoculated with eacdi organism in 
the usual manner. Into oiu* set of plates 1 mg. of diphenyl crystals Avas 
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introduced and in other sets 3.5, 5, 10, 15, and 20 in**', per ])]ate Avere uschI, 
respectively. Little or no control of the organisms wns obtjnned b\' the use 
of 1 or 3.5 m} 4 ‘. of diphenyl. However, 1). iuttalcHsis^ the most sensitive of 
the oroanisnis, was controlled by 5 in«:., prodiunn^^ only a trace of growth 
within a week. It nigricans was usually controlled by 10 in^*. of dii)henyl 
whereas A. radicina- produced a moderate j^rowth witli this amount of 
diplienyl. This spec'ies of Altcrnaria ])roduce(l |)ra(‘tieally normal spores 
with 3.5, 5, and 10 niji*. of di])henyl, but with 15 and 20 m^^ of the chemical 
the st)ores developed were abnormal. - 

Since diphenyl is moderately fuiifristatic to a. number of organisms and 
is effective in stop|)ing gi*owth of several important pathogens, there is a 
possibility of using this chemical for control of decay in some fruits and 
vegetables. Howe\er, fuither tests will be necessary to determine what 
products will not absorb the diphenyl odor and to (‘stablish the |)rac'ticability 
of wrapping such commodities in dij)henyl-treated paper or of using other 
types of treated patvkages. Acc<»rdiug to the data obtaiiu‘d so far, succ(‘ss- 
fill control of decay is most likely in fruits and vegetal)les that are affected 
by certain common decay-producing si)ecies of Aspergill ns. liotrglis. Corfh 
neuni, Diplodia, Dolhionlla. Eiidffconidiophora. Mavraphinnina. Mdan- 
coniuni. Monilirm. Pidlicidaria, Pi nicilliinn. Phoma. Phnmopsis. Phgllosticla. 
Plco^para, E/iizopus, Sclcrolinia, Sclerofimn. and St plaria. Unfortunately 
the soft rot ba(dei*ia {Erwinia carolorora group) ])athogeinc to most vege¬ 
table crops are not held in check by diphenyl vapor. 

During this investigation it was foujid tliat the differential fungistatic 
action of diphenyl (-ould be utilized in general laboratory culture* work to 
eliminate some of the moi'e common (*ontaminafits. Foi‘ f*xam|vle, Phivjjnfs, 
Pcnicillinrn^ and Ncarttspora contaminations may lx* (*liminat(*d fi*om inany 
cultures of other fungi by plating the contaminated culturi* and adding 
60 mg. of diphenyl. Within a week or ten days many fungi will develop 
colonies large enough to permit transplants from tin* mai-gin tliat are free 
from these contandnants. This method of inirifying (‘ontaminated (*ult!i]*(*s 
of fungi has been used siu'cessfully to ix'cover many oi*ganisms such as AUt r~ 
naria from Ncurospora. Colleloirichnni from Asprrgillns. Endticonidiophora 
from Elihopns nigricans, Macrttsporiinn from Pt nidi limn. etc. A study of 
table 1 will indicate the j)rol)able success of .sepai-ating any one fungus from 
the others by this method. However, variations in tin* cpiantity of tli|)henyl 
used and also in length of time the cultures are liehi may peimit'se])ai-ation 
of some fungi w’hi(di have a somewhat similar degi'ee ol‘ tolei*ance. For ex¬ 
ample neither Boirgiis cAncrca nor Ncurospora sp. grew during a W’e(*k in 
plate cultures with 50 mg. of dij)henyl, but if a mixed culture of these fungi 
was held for three weeks the Boirylis had grown enough to ])ermit a pur(* 
transfer of this organism and thus to eliminate the Nenrospora. 

Since diphenyl has never been tungieidal to any of the organisms tested 
and transfers of colonies from plates containing this ch(»mi(‘al have subse¬ 
quently grown in a normal manner, it api)ears tliat tlu* mnv te(dini(pie may 
be used with safety in separating mixed cultures of fungi. 
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111 r)2 fruit and v(*^(‘table pathoj^ens on plate eultiire in tlie pres¬ 

ence ol' vapor fi*()iri dijihenyl crystals tliere was a. wide variation in decree 
of tolerance to this (dieini(*.al. Ainonji* the orj:anisrns tested, those whose 
growth Avas best controlled were spe(‘ies of Aspf rf/illm, Boirytis, Coryncinn, 
Diplodia, Dothiorclfa, Eniloconldiophora, Macrophomina, Mdanconium, 
Monillma, IhUimlaria^ rcnicillium, Phonui, Phomopsis, PhyUosthda, Plah 
spora, Rhizoctonia, Rhliapus, Schrof luid, Srh rotiuni, and Scpforia. 

Diphenyl vapors che(*ked the vegetative ;irowth and prevented normal 
spornlation of most organisms, but none of the fnn^i tested was killed. 

The ns(‘ of diphenyl-impregnated Avraps. pads, or ])acka<»es is su< 2 ’<>’ested 
for control I injr disinises of^some commodities; but the retention of the odor of 
dijihenyl by many prodmds will make tlie use of tliis chemical impracticable. 

The difiVrential fun^dstatic action of diphenyl on many fiinfii can be 
utilized as a ))ractical laborat<n*y method of sejiaratin^’ mixed enltvircs. 
Many (ndtnr(*s of imiiortant pathogenic or|.!'anisnis have been cleared of con¬ 
tamination by this metliod. 

Division of Fanr and Vegetahee ('hops and Diseases. 
r. S. DeI’AHT.MKNT of AGHK'T'l/rr'HE. 

AND 

Department of Dotanv, 

rXlVERSITV OF FuK’AGO. 



PHYTOPATHOLOdlC’AL xNOTES 


Preniunifif/' Jii i*ertai!i publications’ the term “acquired immunity’' 
has been used to denote the eondition that exists in jilants that do not ex- 
liibit any rtniction to a fiirtlKvr inoculation with a particular vims atter they 
have once beeji infecded Avith it or with a closely related virus or strain 
ot virus. 

In human and in animal pathology the term “immunit\%” or “ac<iuired 
immunity,” has a different meaning. ' It denotes tlie condition that exists 
ill men or animals that Jiav(‘ overcome and are rid of a certain pat hogen, and 
remain non-susceptible to this or to a related pathog(m. In otlier cases, after 
a first infection, and after health has been partly or apparently i*estored, the 
jiathogen remains in the body; and nonsusceptibility jiersists only as long as 
the pathogen of the first infection is ])resent. As soon as the ])atliogen has dis¬ 
appeared the host again becomes susceptible to infection by this or a related 
])athogen. In such cases tlu‘ term “premunition” is used in French litera¬ 
ture.- It is proposed to use this term, “premunity,” in ])lant pathology 
for the eoiidition referred to as “acquired immunity” by Price* and others.’’ 
—II. IVI. Qxianjek, Landl)ouwho()ges(*]iool, Instituut voor 1Miyto|>athologi(*, 
Wageningen, 11 olland. 

Leaf-ii( nuitode Inf(slation of Bir(rs-n< st - -The hsaf nematode, 

ApluU nchoidrs fra(/ario(> ( Uitzema Bos causes heavy losses to grow(‘rs 

and lias ruined the i*rop ol* hird’s-nest feiai (Asiplcniiini nidus) in certain 
y(‘ai*s in (hdifornia. It is tiu purpose of this jiaper to jioint out certain 
differences between liacterial blight and munatode infestation as they afiVtq 
the fronds. 

The nematodes are introduced with the potting soil (rats-nest matmdal, 
a natural forest (-oinpost) which is the only medium in which bird’s-nest 
ferii.s arc grown (Commercially in the San Francisco Bay region and whi(*h 
is never sterilized. The symptoms of nematode infestation consist of a 
slight water-soaking in isolated areas at the base of the fronds; tlie Avater- 
soaking soon disajqiears, after which the tissue's turn a dull broAvnish-black. 
The discoloration spreads rapidly under (conditions of exeu'ssive moisture 
and relatively high temperature jirevailing in the greenhouses. Often sev¬ 
eral fronds may be involve'd. Such |>lants may he killed by the nematodes; 
large plants survive the ncmatoeh* infestation althougli the fronds are badly 
injured and rendered unsalable. 

The nematode-infest(»d fronds of bird’s-nest ferns differ from fronds 
Avith bacterial leaf blight, caused by Plnffowonas asph nu\ in that affe(*ted 

iPrkc, ^V. (A Acquiivd immunity to ring-spot in Niootiauu. ('ontr. Bovc(‘ Tlionip- 
son Inst. 4: 

Sergeant, E., «nd L. Perrot. AitIi. do I’lnst. pjistour d’AIgcrio. 13: 27a-319. laiio. 

’’ Qnanj(',r, H. M. Plivt(»p;UliologiH('he Tcrinimdogic, mot spcM'ialo t>osproking van d(‘ 
bogripixm Biotrojdiio, Prorjmnitoit on Antistoffon. Tijdsohrift over Pl{inl,(‘n 7 i(‘kttm 48: 
1-16. 1942. 
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tissues are tiir^id and didl-brownish black, while bacterial blight causes a 
water-soaked, soft eoiidition of the leaves, the affected tissut^s being easily 
crushed Avhen light pressure is applied. 



FCt. 1. A. Leaf (if bird ■ 8 lU'st I’ctti inffstcd witli tlie Icuf iieniatodc, AphclcncJioides 
fl itf/nridt , li, I;OMf of }»i id Host forn jiifi'stod 'wilh Phuhrnunins (usph nii. 


Control of innnatodr infestation of bird’s-nest I'eriis has been obtained 
liy steani sterilization of the ]>ottiiig soil, flats, and ])(>ts at several nurseries 
in San Franeisc<». Cetkh A. Ahk and C. 'M. Tompkins, Division of Plant 
Ibitliology, Cniv(vrsit\- of California. Berkeley, (bdifornia. 

J/ore oy/ //o XauK Anstdifspara acvr'nut, —In 3941 the writer’ aimouneed 
the ilisi*ov<n-y of a Idack rot of ec’lery in cold storages due to Ccrcospora carl, 
a fniigus previotisly des(n-il)ed by Westerdijk and van Lni,jk“ as the eanse of 
anlhraenost' of earaway. In a more complete deseription of the celery dis¬ 
ease in 1944 the w'riter' elevated the pathogenic* sjteeies to generic rank. 
Li iving it the name A asatcfspora niacrospora, ehiedy heeaiise of a swordlike 
api)endag(‘ found on mature spores. This spe(*ific name had been applied 
to the same fnngiis by Osterwakler^ who described its attack on pansies a 
few months previous to Westerdijk^s and Luijk’s description. In 1945 Han- 

1 Xowhsill, A. G. An imdcs<'vibod storaj^o rot of celery. (Abstr. i PhytO|>ath. 31; 17. 
l‘H1. 

- Westerdijk, JcdiMJinn, and A. van Lnijk. Eine Antlirakiiose d(‘s Kiimmels (Comm 
rarri), Medcd., Pliyto]\'itii. bal). AVilIi(‘ roinnadin Scdiolteii, Baarn 8: 51-54. 1924. 

•i Newhall, A. (k A serious storage* rot of ceU’ry eansed by the fungus Anfiotosporo 
macrospora n. gen. Phylopath. 34: 92-1 cb5. 3944. 

'» Osterwalder, A. Uc'ber di(* durch Ccrcospora macrospora Osterwalder 'cernrsachte 
P>lattkrankh(*it bei den Penst'es. .Milteil. der Tliurganischen Natiirf. Ge.sells. 25: 59-Sc. 
1924. 
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sen and Tompkins"* eallcd attention to the fact that in 1880 Harti^'* undonht- 
edly had described the same fnngns on seedlings ol‘ Acer 'pscudoplatamis in 
Bavarian tree nurseries and had named it Ccrcospora accrina, and therefore 
if it deserved generic rank the name should be Ansaionpord accrina (Ilartig) 
n. comb. The writer not only agrees with this reasoning but in seeking veri¬ 
fication has since inoculated the cotyledons of Acer pscudoplatamtis with a 
I)ure culture from celery and obtained infections and sponilation which indi¬ 
cates the identity of the two pathogens. 

But because of the war, we have allpiissed the first pa])er in which this 
fuJigus was correctly descrd)ed as the type si>eci(\s oi' a new genus. Paul 
Neergaard' found a fungus on ])arsley roots in Coi>eidiagen in 1942 wdiicli 
he named Cenirospora Ohlsenii, He gave a Latin description, with drawings 
and measurements whi(*li leave no doubt of the identity of the fungus with 
the writer’s descrii)tion of AnHatospora macrospora. However, Neergaard, 
evidently, like the writer, had not seen Hartig’s pa])er. Priority and the 
rules of nomenclature dititate the correct name for this fungus as Ceniro¬ 
spora acerina (Hartig) n. comb. 

There are now several synonyms for this fungus. As early as 1896 in tlic 
second edition of his book on the diseases of |)lants, p. 318, Prank^ rather 
arbitrarily changed the name from Ccrcaspora accrijia Hartig to Spori- 
desmium accrinum (Hartig) Prank. In 1918 Ariiaud'^ again finding it on 
maple seedlings, called it Gcrcosporclla accrina ( Hailig) Arn. In his book 
on the control of diseases and insect ])ests of ornanumtals Pape’^’ follows 
Arnaud’s nomenclatui*c whih* in a similar book by Plachs,^^ that of Hartig 
is used. 

Another synonym as well as a new host is of intci'cst. In 1937 8i>rague’‘ 
described a fungus causing a leaf spot of Osmorhiza bred pcs growing along 
the moist bank of a stream in Benton County, Oregon. He named it Cerco- 
spora praegrandis on account of the large conidia. Specimens sent by 
Sprague to C. Ciiu])}) have been found by him and the writer to b(‘a.r conidia 
identical to those of Cenfrospora- accrina. The genus Osmorhiza moreover 
is a relative of the genera fdirosclinuni, Cariini, and Apium on which the 
fungus has already been described. The list of synonyms for Cenirospora 
accrina (Hartig) n. comb, therefore includes the following: 

IlansoTi, H. N., and C. M. Toinj)kiiis. The of Ansalospora macrospora. 

Phytopath. 36: 218-220. 194i>. 

6 Hartig, Robert. Hor Ahornkciiiilingspilz, Ccrcofiporu accrina m. Unteriiuch. Forst- 

bot. Ipst. Miindien 1: 58-01. 1880. 

7 Neergaard, Paul. Mykologiscln? Notizeii II. Zentralblatt fur Bakteriologic, Para- 

aitenkuiido und Infektionwkraiikheiten, (II) 104: 407-411. 1942. 

8 Frank, A. 13. Krankheiten der Pflanzen. Band. 2. 574 pp. Breslau. 1890. 

0 Arnaud, S. Lc niildou dcs Hlas et la nialadie des cotyledons d^‘rable. Bull. Soe. 
Path. Veg. Franee 5: 58-00. 1918. 

70 Pape, Heinrich. Die T^raxis der Bekfiinpfung vou Kranklnuten und Schadliiigen 
der Zierpflanzen. 301 pp. Berlin. 1932. 

11 Flachs, Karl. Krankheiten und Parasiteii der Zierpflanzcui. 558 pp. Stuttgart. 
1931. 

12 Sprague, Roderick. New or noteworthy parasitic species of Fungi Iinperfecti in 

Oregon. Mycologia 29 : 420-433. 19.37. 
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Cercospora accriria Untersuch. Forstbot. Inst. Munchen 1 ; 59. 

1880. 

Sjwridesmium acerlnnm (Hart.) Frank. Kranklieiten der Pflanzen 2: 318. 
1896. 

Gercosporella acerina (Hart.) Arnaiid. Bui. Soc. Path. Veg. France 5; 60. 
1918. 

Cercospora macrospora Ostw. Mitt. Thurgau. Natiir. Ges. 25: 59. 1924. 
Cercospora Cari W^^sterdi jk ik van Luijk. Meded. Phytopath. Lab. Baarn 
8: 53. 1924. 

Cercospora. praegrandis Sprague. Mycologia 29: 431. 1937. 

Ansalospora macrospora (Ostw.) Newhall. Phytopath. 34: 98. 1944. 
Ansatospora accrina (Hart.) Hairs. & Tonipk. Phytopath. 35: 220. 1945. 
Centrospora Ohlensii Xetu*gaard. Zentralbl. Bact. J^ar. u. Infek. 104: 410. 
1942. 

Siriee the germs name Ansafospora must be rejected in favor of the prior 
name Cnitrosptn'a it ])e(*omes necessary to change Ansaiospora Bromi 
Sjiragiie to C( idntspora hromi Sprague, if indeed it belongs here rather than 
in tile genus IiainHlis])or(f. This species occurring on Bromus rigidus was 
first described as C( rcospora Bromi by 8j)rague^’^ and later^* changed to 
A nsatospora Bromi on account of “its peculiar secondary conidia which are 
tittached and do\Mi deflected from the first or second basal cell of the 
conidia. ’’ 

In r(‘viewing tlie host range of Centrospora accrina^ Hartig\s statement 
that it is (‘apable of' li\’ing as a saprophyte in the soil is brought to mind by 
tlie r<‘poi‘t of Rader’ ■ who isolated it from muclv-grown carrots several times 
during the winter and spring of 1945 in cold storages in Wayne County, 
X'ew York, whei'e it lias been troubli^some on celery for many years. The 
carrots are believed to have sliown no symptoms at the time they were har¬ 
vested and i)Iaeed in ('old storage, a fact previously reeorded by the writer 
to be the rule in (-onmvt ion witli celery. »S|)e(dniens of badly affected pansies 
were sent by Mrs. B. R. Ilogers from Puyallup, Wasliington, to Mr. Rader 
at roi*nell in the s|)i*ing of 1945. Dr. (dnipp has a specimen of affected Viola 
from Wrangt‘11, Alaska, cojliadcd September 3. 1934, by (1. P. Gravatt. Trvis- 
cott”’ states Hie fungus ('an attack the i*oots of beets, rutabagas, and potato 
tubers. It is noteuortliy that maple seedlings and pansies are affeeded in 
early spVing, that Sprague’s collection on Osmorhiza was made April 25, 
that on ('araway tKe injections were severe on seedlings in spring and on 
seedstrdks in the fall, wliile on eelery and carrots the disease does not show 
until after two or moi*e months in cold storage at 32-33° P. All of this 

8))rjigu(‘, R()(l<M’i<*k. rurlfscrilxMl .species of Cercosporell:! and Cereosj)orn on cer- 
tain grasses in Ort'gon and W.isliington. Mycologia 29: 199-206. 19.37. 

1-* Sprague, RodeTi(d>. .\dditions to the Fungi Imperfeeti on grasses in the Fnited 
States. Myeologia 38; r»2-t5 t, 1940. 

Rader, Wm. E. A nsa(ospora accrina found «’ausing decay of stored carrots in 
Wayne County, New York. V. 8. Dept. Agr., Plant Dis. Reptr. 29: ,'>22. 1945. 

Trnseott, J. H. \a. A storage rot of e<*lery caused ))y Ansa1o,<ipora macrospora 
(Osterw.) Newliall. Can. .lour. Res. (Cl 22: 290—304. 1944. 
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clearly shows the IVingus to be a low teinperatiire i)atlio^en with a rather 
Avide host raiiju^e, unlike the leaf-spottiiiji‘ ineinbers of the jienus Cercospora, 

From an examination of seA^eral exsieeati speeiiiiens in the United States 
labeled Cercospora averina (Ilarti^) it is apparent that some are true Cereo- 
sj:)oras, and should be assij»'ned either to C. negiaullyils! E. and E. or to C. 
ocerieola Woroniehin, both of Avliicdi oeeur on fnlly expanded leaves in the 
summer months i*atlier than on cotyledons in the early sprin**’. This would 
seem to be a helpful <>ross diajinostic' character. S])e(umens on Acer coty¬ 
ledons labeled C. accrina Ilarti^^ are moi*(j likely lal)eled correctly except that 
the funj^ns now bc'comes (^cnfrospftra acAina (Hartiji) n. comb. 

Tlie ability of this funjius to live in the soil, to attack a rather wide 
variety of liosts, and to ‘‘row at low temperatures suji'^’est that it miuht 
become a serious ])atho^en were it not for the fact lhat the c'onidia are (‘xact- 
inti* in the (conditions re(piisite for Ilnur formation and they are not very louf:- 
lived. The funji’us seems to be most troublesome in situations where lii^li 
humidities, hijih soil moistures, and tem]>eratures below 65 ’ F. prevail over 
1 onjr periods, in other words in a maritime climate.—A. (J. Newhall, D(‘]»art- 
ment of Plant Pathology, (Nuaiell rni\ersity. Ithaca. X(*w York. 



SPINDLING OR HAIR SPROUT OP POTATO 


W I Ti Ii I A M C . S N Y 1) K R , II . E A R L T H 0 M A S , AND 
S . J . F A I R (’ H I L D 

(Accepted for publication June 16, 1946) 

When potato tubers {Solmimn luherosmn L.) pi^oduee sprouts that are 
slenderer and ^veaker than normal, the disorder is generally referred to as 
spindling sprout or hair sprout, depending upon the severity of the symp¬ 
tom. Although various eauses, espeeially a virus (9, 25), have been sug~ 
gested during the past 80 or 40 years, the nature of much of the spindling 
s])rout that oeeurs torlay nunains obscure (12). 

Ill 1942, an outbreak occurred in plantings of the White Rose variety of 
jiotato along th(' coast of California. Tlie findings reported here on the 
nature of spindling sprout are a result of investigations initiated then. 
They apply, hoAvevei*, only to the disease as it has occurred along the Cali¬ 
fornia coast, siiK'C no study lias been made of spindling-sprout tubers from 
otlier regions. 

Economic loss from spindling sprout results from the failure of affected 
planting stock to give good stands, and the failure of plants from affected 
stock to jiroduce satisfactory yields. 

SYM PTO.MS 

AflVcted uncut tulicrs sprout prematurely, though seldom—in California 
• -immediately aft(‘r harvest. Most of the eyes of such tiibei^s produce 
sjirouts varying J'rom slightly longer and im>re slender than normal to 
threadlike growths (Eig. 1) u]) to a foot or more in length. Tubers about 
tlie siz(‘ of a p(‘a oi- sniall(*r may be formed at tin* tij) or elsewhere on the 
spindly s])rout. Severely aff(‘('t(*d tubers often fail to sprout. Diseased 
tulxTs are somewhat brittle and are low in stai'ch and specific gravity. 
Similarly affected tulau's in Minne.sota are reported (11 ) to be high in re¬ 
ducing sugar and total sugar and low in dry weight. The diff'erences are 
not suffi<‘i(‘ntly great, liowever. to permit separation of affected and healthy 
tubers with c('rtainty before sjirouting. 

KVIDEXri: AS TO THE C'AT^SE OF SPIXDLIXG SPROUT 

Sf)indling sprout has been attributed, at least tentatively, to hot, dry 
weather of the prei'cdijig growijig seasoji, Fusai-ium wilt infection, infec¬ 
tion ])y the leaf roll, witches' broom, aster yellows or some otlier virus, faulty 
storage conditions, purjile top, or some other less tangible cause (2, 3, 5, 
6, 8, 13, 14, 15, 16, 17, 18, 19, 21, 28, 29). 

Several workers (11, 17, 20) have used grafting as a means to deter¬ 
mine whether spindling sprout is caused by a virus. The results have been, 
on the whole, adverse to such a eonclusion. 

However, in order to test further the hypothesis that the spindling sprout 
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ill Calil'oriua iiiight be eaused by a virus, several attempts were made to 
transmit the disease by grafting. Sprouted eyes from healthy tubers were 
replaced with eyes from s])routed diseased tubers, and vice versa. Also, 
spindling sprouts on diseased tubers were inarehed to normal sprouts on 
healthy tid>ei*s. In jione of these (experiments did any eJiange develop in 
the grafted parts or in the sprouts from undisturbed eyes of tubers. 



Fkj. 1. SpronOHl tubers fiojii plant not infested (left) and infc.stcd (right) with 
psylluls in the greenliouse. 


Diseased and healthy tubers were ])lauted in greenliouse and field to de¬ 
termine if virus .symptoms could be detected in the ])laMts grown from such 
seed or in their progeides. A commercial seed sto(‘k of White Pose was 
secured which was known to contain a consideral)Ie! number of affected 
tubcr.s. I ncut tubers were held at room temperatun^ until sprouting was 
well advanced, th(m separated into lots with norimd and spindling sprouts. 
The tubers were cut into seed pieces with one sprout eatdi and 20 hills of 
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each lot were planted in the field near ]>erkel(\y. All sprouts were held up¬ 
right and were proteeted from dainage while the soil was placed around 
them. 

As soon as the spindling sj)routs started to produce their own roots they 
began to lose their spindly characteristic. Tin* apical iiortion of the sprouts 
thickened and soon after emergence the spindling sprouts closely resembled 
healthy sprouts. The\' were slower than normal sprouts, however, to ap- 
l>ear above ground. This was in striking contrast to the growth of the 
sprouts in tlie laboratory where* roots were absent and all nutrition was 
supr>lied by the s(‘ed ])iece. Without fumdional roots the spindling sj)routs 
maintained a rather uniform diani(*ter whether the growth was 2 inches or 
2 fe(*t in length. With functional roots, the spindling sprout, now an un- 
dergnnind stem, eventually ceased to behave as a spindling s])rout. 

The foliage from these 2 lots of tubers was in every way comparable in 
aj)pearanee and in freedom from virus symjitoms. The yield from the 
spindling sprout seed was about one-half that from the healthy seed. Tu¬ 
bers from these two lots were* harvested and the ])rogeny from each plant 
kept 8e}>arate for a sprouting test. .Ml progeny sprouted normally ir- 
r(‘spective of whetlH*r tln*y were derived oiviginally from si)in(lling sprout or 
normal tubers. These tubers were then replant(*d. The resulting plants 
wc're indistinguishable in apjiearanee or in yield. 

A smaller test of the same kitid cai'ried out in the greerdiouse and two 
otlier field tests later ga\'(* similar results. For example, in one field test 
the yield from 10 l)locks of normal seed potatoes cojitaining an average of 
18 hills per block was 2(>().r) pounds, whereas that from 10 blocks of spin¬ 
dling-sprout seed i)otatot‘s eoutainiug an average of 14 hills per block was 
127.5 ijouuds. The avtn age* yield per hill was 1.5 |)ounds for normal seed 
potatoes and 0.8 poinids for spindling-sprout seed potatoes. In compar¬ 
ing these yields the reduction in stand obtained from th(.^ si>indling-sprout 
seed and tlie resvdting ditferenee in spaeiugs between hills must be taken 
into aeeount. 

All evidenee gained from these tests sujiports tlie view that the spindling 
s|)ront studied is not eansed by a virus. Spindling sprout was not trans¬ 
mitted to the })rogeny of jdaots grown from spindling-sprout seed, nor ar¬ 
tificially by grafting. Fnrtliei-morc, these tests showed that spindling 
sprout is temporarily abnormal condition, r(‘covery from which begins 
as soon as the diseasi'd s]u*outs strike roots into the soil. 

Toxin Jndiciitid as a ("aasc. Since all available evidence w’as against 
a virus cause for the 1942 outbreak of spindling sprout in California and 
since no organism was found consistently associated with alfected tubers, 
a toxi(^ substance in tin* tuber itself was suspected. This hypothesis im¬ 
mediately suggested a })ossib]e relationship of spindling sprout to psyllid 
yellows, caused by Paralrioza cockerMi Sulc. 

In their paper on psyllid yellows of potato Eichards and Blood (21) 
state that '‘tubers seldom reach marketable size and may sprout directly 
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without going into a rest period.” They do not discuss the character of 
sprouting in tubers from j)syllid infested plants, but state that the jisyllid 
yellows disease is not tuber transmitted. Hartman (10) also observed in 
Wyoming that tubers from psyllid infested plants fail to go through a 
normal rest period and tend to sprout mmdi earlier than noi’inal tubers. 
KSchaal (24) ])repared an extract from crushed psyllids and injected it into 
potato plants. Not only did he report symptoms of psyllid yellows in the 
tops of these injected plants but noted that the tubers thei-efrom d(‘V(?loy)ed 
sprouts that were at first spindling. |;Schaal also made the incidejital ob¬ 
servation that psyllid infested plants produce tubers that give rise to nor¬ 
mal plants except for spindly stems. That seed tubers from plants with 
severe vine injury caused by psyllids may develoj) weak stems and result 
in i)Oor yields was shown also l)y Edmundson (G). 

Experimentally Indiiced Spindiiny Sprout. In two greeidiouse tests 
where a group of potato ])lants was intentionally infested with psyllids 
while another group was kept for controls, mild symptoms of si^indling 
sprout were obtained when the tubers harvested from the iid'ested ]>lants 
had sprouted. Altliough well over a hundn‘d psyllids were colonized on 
the infested plants, the work was done in the winter under poor liglit and 
even the foliage had very mild symptoms. However, since in tln‘se tests 
the noninfested (‘ontrols j)rodueed only tubers that sprouted normally, the 
tendency for tubers from psyllid plants to produce spindly sprouts ap¬ 
peared significant. Moreover, a few tubers’ from this exi)erim(‘nt <le- 
veloi)ed typical spindling sprout. 

In another exp('riment, 14 healthy potato |)lants of the White Rose 
variety w^ere grown in 5-gallon cans in the greenhouse until tid)ers 1 to 2 
inches long had set. Populations of over a hundred ps^^llids were at that 
time established on each of 7 plants. All plants were tlien moved out¬ 
doors into full summer sunliglit, the controls being separated from the in¬ 
fested plants by a greenhouse. Tyytical, severe psyllid yellows symptoms 
appeared on the infested plants and the controls remained free from in¬ 
festation., ' 

The tubers were harvested separately from (‘acdi {)laiit and stored at 
room temperature until sproutiMi. Results are illustrated in figure 2. One 
or more tubers from each of tlie infestexl plants developed typical spin¬ 
dling sprout. KSome tul)ers from infested plants never sprouted. Those 
which put forth sprouts did so well in advance of the tubers from tlie 
cohtrols, aiid from more eyes per tuber. Every tuber from the eontrol 
plants produced one to several normal sprouts. The reserablauee of the 
spindling sprouts induced in this experiment to those obtained originally 
from the field or to those illustrated elsewhere (8, 11, 12, 14, 20, 28) is 
striking. 

Before discarding the tubers from this experiment they were cut. 
Those harvested from psyllid-infested plants showed not only spindling 
sprout but also an internal browning resembling that reported by Sanford 
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Fig. 2. Sprouted progeny from 6 nouinfested planta (top) and 6 plants heavily 
infested (l>ott()m) with psyllids, under outdoor conditions. Some affected tubers failed 
to sprout. 
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(23). 't>bservations (27) confirin the suggestion that an infestation 

of the pjl||to i)lant with psyllids may result in an internal necrosis of the 
tubers. 

In another e;:periment an outdoor planting was made in midsummer 
and all plants were caged individually before plant emergence. To one 
group of plants, psyllids were introduced 2 months later. A second 
grou|) was left nonijifested for controls. A third group was infested with 
psyllids and at the same time the soil was inoculated with Famrium oxtf- 
sporum f. f uberosi Snyder and Hansen. fourth group was ijioculated with 
the Fusariuin but not infested with psyllids. Tlie result was that the prog¬ 
eny from all plants infested with psyllids developed typical spindling 
sprouts wdiether Fusarinyn was present or not, wliile all tubers from plants 
without psyllids sprouted normally. 


DJSCl’SSTON 

Evidence presented here confirms the work of Schultz (26), .Parris and 
Jones (20), and Harvey et al. (11) on one hand, and that of llic'hards and 
Blood (21), Hartman (10), and Schaal (24) on the other, that neith(*r 
spindling sprout nor j)syllid yellows is tuber transmitted. No involvement 
of a virus has been indicated in either case. Tliat it is a toxii* juanciple 
from tlie ])syllid that produces both the foliage symptoms knowji as psyllid 
yellows and the symptom known as spindling sprout is su])ported by 
SchaaPs (24) experiment in which In* injected an aqueous filtrate of 
crushed iisyllids into tin* potato plant. 

Spindling sprout has been sporadic in its appearance, as have S(‘V(‘r(‘ 
infestations of psyllids. INyllids have* been reported from Utah, Arizona, 
New Mexico, Ca]if(wnia, Washington, Oregon, Idaho, Montana, South 
Dakota, North Dakota, Kansas, Nebraska, and western Panada (10). Sinec* 
psyllids are not conspicuous ou a potato plant it is,j)Ossible that a. search 
may r<^vcal their presence in still other potato-growing state's. l\elativc]y 
small numbers of psyllids ou plants approaching maturity arc ])rol)id)ly 
sufficient in most cases to induce spindling sprout of the tubers. 

It is possible that a toxicogenic ijisect other than psyllids may re¬ 
sponsible for non-virus spindling sprout in those regions wdiere psyllids do 
not oceuir o<i the potato plant. If so, observations on the occurrence of 
spindling sprout in eastern states (1, 2, 8, 14, 28) would indicate an 
insect favm-ed by a hot, dry growing season. I n Iowa it has beem* ol)St*rvcd 
(13) that more hair spi-oiit has appcai-ed in seasons immediately following 
years of severe purple top. This suggests that spindling sprout is a syrnp- 
tem of |)urp]e top as well as of psyllid yellows. 

The prevention of si^indliiig or hair sprout, where caused by the to¬ 
mato ])syllid, would be the same as that already woT*ked out for p.syllid 
yellows, namely, the tre(|uent applications of sulphur dusts or sprays (4, 
10, 22). In fact, recognition that psyllid infestations may result in the 
formation of spindling sprouts in the progeny provides an additional reason 
for psyllid control prac-tiees in seed potato regions. 
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SUMMARY 

Artificial infestations of potato plants with psyllids under controlled 
conditions have shown that tyjjieal s])indling sprout or hair sx)rout may be 
a symptom of psyllid yellows, when jisyllids are present on plants ap- 
proa(*hing maturity. 

The form of spindling sprout studied is not tuber transmitted, nor is 
there any evidence of the involvement of a virus. 

There is no tendcmcy for sprouts to grow out of the spindling sprout 
condition as long as all s})rout growth is sustained by the tuber. Spindling 
sprouts that liave struck roots into soil begin to grow normally. 

The Aield from spindling-sprout tubers was approximately one-half 
tliat from normal sprouting seed. The second generation from spindling- 
sprout tul)ers fully recovered from all spindling-sprout symptoms and 
yielded noi-mally. 

Severely affected tubers may fail to sprout. 

Internal necrosis in tubers afft?ctcd Avitli spindling sprout Avas obseiwed 
ill one exp(‘riinent in Avhi(*h the tubers Avere stored for scA'Cral months. 

The relation between spindling sprout and psyllid yellows makes 
doubly imj)ortant the application of conlrol practices against psyllids, es¬ 
pecially in areas where se(‘d iiotatoes are produced. 

DiAUSTON of IbiANT l^ATUOLOGY, 

Unjvi:k>sita of (/aijfoh.n'ia, 

Hfrkklfv, and 

MFT'rmOK liFSFAKCn Lauoratory, 

Santa ]\Iahia, California 
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IVLACK ROT OF MUSCADINE GRAPES' 


E . S . Ij U T T R K L L 
(Accoptod for po I dilation July 10, 194t)) 

Rhu'lv rot, a \videsi)rea(l and destructive disease of biiiieh grapes, is also 
a (‘oiimion disease of iniiscadiiie grapes, Yitu rotundifolia Michx. On mus¬ 
cadine grapes it is primarily a disease of the vegetative parts; while on 
biaieh gra})es it is primarily a disease of the fruit, niummifying the berries 
and olten destroying a large pairt of the crop. In addition to differences 
in symptoms and in amount of damage to the (n*oj) the black rot disease of 
museadin(‘ gi-apes differs from that of bunch grapes in etiology. The dis¬ 
ease as it oeeurs on nius(‘adine grapes has, however, received only incidental 
considei-ation, although a great amount of work has been done on black rot 
of bunch grapes. Since the muscadine grapes are now becoming of in- 
creas(Ml economic im|)ortance, it seems desirable to present an a(*count of 
work done during th(^ j)ast four years at the Georgia Experiment Station on 
tli(‘ symptoms, etiology, ajid control of the black rot disease on these grai>es 
and to attem])t an estimate of the effect this disease may liave upon the 
prodiK'tion of the crop in the future. 

SYMPTOMS 

Rlack rot is common in muscadine vineyards in Georgia throughout the 
growing season. In fact, from April to late August, it is the only disease 
of any importaiHM' 1‘ound in tliese vineyards. Other diseases become prev¬ 
alent only toward tlie end of August as the berries approach matu^ry. 
Angular leaf s|)ot (.‘I) then appeal's on the foliage, and bitter rot and va¬ 
rious rijie I'ots develo]) on the maturing berries. AH of these diseases may 
be easily distinguisluMl from black rot. Nevertheless, because of tlie suiier- 
ticial rf'semblance of l)itter-rot berry mummies to the berry mummies ))ro- 
dueed by black rot on bunch grapes, bitter rot and black rot of muscadine 
grapes have sometimes been confused by growers. The two diseases should 
be distinguished, how(‘ver, as black rot usually causes only a scab or canker 
of muscadine berries, while bitter rot reduces the berries to sliriveled black 
mummies. 

On Leaves. The first symptoms of black rot are leaf spots which ap¬ 
pear almost invariably each year about four weeks after the shoots begin 
their annual growth. The siiots appear suddenly throughout the vineyard 
and attain their full size almost as soon as they become evident. They are 

1 Pap(?r No. 149, Jouriiiil Series, Georgia Experiment Station, Experiment, Georgia. 

Work on diseases of museadine gra]>es was turned over to me in October, .194-, by 
Dr. K. II. Garren. Dr. E. E. Cowart, Ilortieiilture Department, Georgia Exj)eriiuent 
Station, lias eollaborat(Ml on this project to the extent of applying sprays in experiments 
on control and furnishing data on yields. 

I am indebted to Dr. B. B. Higgins, Dr. E. F. Cowart, Dr. K. H. Garren, Georgia 
Experiment Station, Dr. J. I;. Weimer, Bureau of Plant Industry, and Dr. Frederick A. 
Wolf, Duke University, for their criticisms of the manuscript and to Mr. J. G. Eutral for 
taking the photogrfiph reproduced in liguro if, B. 
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Fl(J. 1. A. Black rot spots on leaves of a muscadine grape; ui)per four leav’es from 
the upper surface, lower three Itiaves from the lower surface; x jj. B. Black rot stem tip 
blijfht of a muscadine grape shoot; x i. 
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first noticeable as faint blanched areas in the leaf blade. ^.The green color 
of the infected tissue fades; and the spots become cream-colpred, the color 
gradually deepening to tan and ultimately-on the upper surface to reddish- 
brown. They are usually bordered by a narrow band of dirk brown tissue. 
Pyciddia develop within two or three days on both surfaces of the leaf. 
When mature they appear as small black pimples in the dead brown tissue 
ol' the spots. I'he spots are circulaj* and vary in diameter from lt\ss than 
one to 12 mm. (Fig. 1). Large spots may coalesce and kill a large part or 
all of the leaf blade (Fig. 1). Infection of major veins also may result in 
the death of large ar(*as of the leaf (Fig. 1). Mature leaves are not infected. 

Petioles may becoiim infecd.ed at the same time as the leaf blades. 
Eitlier one to several small, scabby, flat or slightly elevated black lesions 
or larger, (h^pressed cankers develop in the i)etioles. Small lesions ap¬ 
parently do not interfere with tlie functioning of the petiole, but large can¬ 
kers may girdle the petiole and kill the entire leaf (Fig. 2, A). 

Infection of immature leaves (‘ontinues to occur during periods of 
favorabh^ weatlier thronghout the season until growdh of the vines ceases 
iii late fall, (lenerally, how(‘ver, black rot causes little defoliation. 

On Stems, Infeidion of the stems just back of the growing tip oc- 
cni*s throughout the gi*owing season. Either small, black, scabby lesions 
(h^ig, 2, A ) or elongatcMl, black, depressed cankers (Fig. 2, B) are pro¬ 
duced ill the sin*fac(‘ of tlie stem. Numerous cankers sometimes cause a 
Iilight of the growing tips of the shoots. Tlie stem becomes blackened and 
dies, the leaves dro]) off, and the tip of the stem curves baek to form a crook 
(Fig. 1, B). 8tem tip blight is especially common aftei* periods of moist 
weather in spring. Like tlie stems, tendrils may be more or less covered 
Avith cankers oi' even killed. 

On Flower (lusters. Illaidv rot also affects the flower clusters. Cankers 
similar to those on th(' petioles ap])ear on the peduncles and pedicels (Fig. 
2, A I. Small cank(*rs aiiparently cause little damage, but more extensive 
cank(‘rs may kill a portion or all of the cluster (Fig. 2, A). Blight occurs 
(diitdly on tiu* firsT flower (dusters produced in the spring. Those formed 
later in the S(‘asoii are rarivly blighted. Moreover, the cankers apparently 
do not sprc'ad in the pedieids and peduncles which survive infection. 

On Berries. On most varieties of muscadine grape only one to several 
small, black, suxierficial, si'aliby lesions one to two mm. in diameter are 
formed in the skin of tlie berry (Fig. 2, A, row 8, No. 2-5). Oeeasionally, 
especially on the DaAvn variety, the scabs may coalesce to form a brown to 
black mosaic-like ernst covering a large part of the surface of the berry 
(Fig. 2, A, row II, No. 1). Cankers up to 10 mm. in diameter may be 
produced on the berries of the most susceptible varieties (Fig. 3, A, roAV 2, 
No. 6-7). The skin often splits at the periphery of these cankers, exposing 
a. band of brownish coiky tissue Avhieh forms a border around the canker. 
The surface of the canker is cracked and fissured and is roughened with 
embedded pyenidia. Iiifeefion takes place on the iminature berries from 
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the time they are set until they apj)roach full size. The lesions do not 
spread in mature berries, and these dry, siiperficial scabs and cankers 
usually do not cause the berries to drop. 



B 


1* 10 . 2. A. 75]ack-rot blossom of a louscaduic j^rapo. Hovoral peduncle 

Cfiiikora are on the floM-er cluster at the left. The two flower clusters on the stiun at the 
right are entirely blighted. The leaf at the rigid i.s also blighted as the result of severe 
cauKr;rs on the petiole; x 4 . B. Black-rot cankers on the stem of a niuscadiue grape; x I j. 

hilack rot does, liowcver, cause a small amount of berry drop on the 
most susceptible varieties such as Hunt and November in seasons that are 
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Fig. A. Black rot scabs and cankers on muscadine berries. Row 1, left to right, 
a series of berries of the niiiit variety showing the deveio})ineiit of a severe canker: the 
thi’oe berries on flu* r'rght had dro]>|>ed from the vine; thi* berry on the extreme right is 
seetion(*d to show the deep canker extending inward to the seed. Row 2, berries 1-5, 
berries of the Hunt variidw showing the formation of a shriveled “raisin^’ resulting from 
the development of a canker jit tlie point of attachment to the pedicel; these shriveled 
b(u*ries W(*re clinging to the vine; berries 6 and 7, large cankers on berries of the same 
variety. Row 3, berry 1, a lierry of the Dawn variety showing a mosaic-like crust result* 
ing from infection with black lad ; lierries 2-(i, superficial scabs on the surface of Hunt 
berries; the lH*rry at the extrenu* right has l>een sectioned, x 1. 

B. (fUif/nardia bidwellii in culture tubes on 3 jicr cent malt agar; all colonics are the 
same age; loft to riglit, G, buhvtUii var. mnscariinii isohited from mscospores from a 
inuscadine grape leaf, G. bUhvcllii isolated from ascospores from berry mummies of a 
Warren bunch grape, of Vitis vmifera, and of an unknown variety of eastern bunch 
grape, x 1. 
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especially favorable to the developmeiit of the disease. Then large, de¬ 
pressed cankers that extend inward to the seed may form on some berries 
(Fig. 3, row 1). These berries shrivel slightly and fall from the vines, 
(-ankers also may form on tlie berry close to the point of attachment to 
the pedicel and interfere with conduction ijito the berry (Fig. 3, A, row 2, 
No. 1-5). SiK'h berries shrivel and may eitlier cling to the i)edicel or fall 
to the ground. Idle shriveled berry a[)pears to be a raisin produced by 
desiccation rather tlian a mummy resulting from invasion of the berry by 
the j'ungus. The canker does not spread, and|^ lie berry becomes reddish or 
brown rather tlian bla(‘k. Any drop of the berries resnlting from their in¬ 
fection with black rot occurs when the berries are immature. This disease 
does not cause a drop of mature berries. 

VARIETAT. SUSCEPTIBM;iTV 

Obser\’ations in a variety vineyard at the (leor-gia Experiment >Station 
indicated that there was considerable variation in snst*eptibility to black rot 
among the muscadine grape varieti(‘s represented. '^Fhese observations wei'c 
tested by (*ounting infected leaves and berries on 16 nanunl and 8 unnamed 
varieties, Founts were mad(‘ just before harvest on live shoots on (‘acli 
of two vines in 1943 and on five shoots on each of four vines in 1944. Tlie 
number of leav(‘s fallen, tlie number of remaining halves inf(‘cted, the num¬ 
ber of spots on eaidi inlected leaf, the numbtn- of cankiu's on eacli stem, the 
number of berries, and the number of lierries iid'ected were recorded for each 
shoot. Since there was only a small amount of (hvfoliation and black rot 
was the only disease on the leaves up to harvest, time, the number of fallen 
leaves was irnduded with the nundier of leaves infected. The best criteria 
of siiscejitibility s(‘em to be percentage of berry infection and perc'.entagci of 
leaf infection plus defoliatiom Upon the basis of these tAvo criteria tin* 
A^arieties may be seiiarati'd into three general groups and classifiiHl as being 
very susceptible, of intermediate susceptibility, or resistant. 

Upon the basis of berry infecdion, the varieties November, Howard, and 
Hunt were very susceptible (24 18 per cent infection); Dawn,' CreiU, 
Thomas, S(!uppernong, Spalding, and LalSalle were interm(‘diate (11-3.5 per 
(;ent infection) ; and Stuckey, Brownie, inicida. Big Boy, Irene, Dulcet, and 
Yuga were resistant (2-0.35 [ler cent infection). These results on suscep¬ 
tibility of lierries Avere checked in 1945, a season in Avliich diseases were 
exceptionally severe, by making counts on several of tlie most susceptible 
and the mosT resistant A^arieties. Fifty berry clustei's on each of two vines 
of each variety were counted, and the percentage of berries inf(^ctcd was 
recorded The results Avere as folloAvs: Hunt, 861 berries—29.27 jier cent 
infected; lIoAvard, 494 berries—16.60 per (;ent infected; Dawn, 500 berries 
—14.40 per cent infected ; Thomas, 776 berries—1.16 per cent infected; and 
Dulcet, 825 berries—0.24 per cent infected. The berric^s of resistant varie¬ 
ties, when they are infi'cted, usually liear only small, superficial scabs; 
Avliile the berries of susceptible A^arieties are often severely cankered. This 
difference in severity of cankers was demonstrated in 1945 by collecting’ 
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at weekly intervals from the first of August until after liarvest all of the 
berries that fell to the ground from two vines of each variety and re¬ 
cording the i)er(*entage of fallen berries that dropped because of black-rot 
cankers. Berry drop was severe on all varieties, but little of it was caused 
by black-rot berry (tankers. Cankers caused berry drop on only six varie¬ 
ties, three of which were those classed as very susceptible. The percentages 
of fall (‘11 b(‘rries that dropped because ol* black-rot cank(‘rs are as follows: 
Novcmiber, 2.34; Hunt, 2.26; Howard, 0.72; Oeek, 0.24; Dawn, 0.18; and 
Spalding, 0.17. 

l'])on the basis of leaf infection plus defoliation fStuckey, Dawn, Howard, 
Sciippernong, JjaSalle, Nov(*mber, and Hunt Avere very susceptible (70-60 
])er cent infection) ; Brownie, Spalding, Big Boy, Bucida, Yuga, Creek, and 
Irene were int(‘i*mediate (09- 50 per cent infection ) ; and Dvil('('t and Thomas 
Avere resistant (40 37 per cent infection). While the majority of the vari- 
eti(‘s are resistant to iidVcdion of the berries, most of them are susceptible 
to infection of the leaves. Furthermore, resistance of the berries is not 
ue(H‘.ssarily ('orrc'lated Avitli r(.‘sistance of the foliage. For example, the 
Stnck{‘y vari(‘ty, Avhose berries are resistant, has extremely susceptible 
foliage. 

I’lxni the liasis of botli leaf infection and berry infection Dulcet seems 
to l)e the most resistant of th(‘se 16 varieties. Thomas, Yuga, Irene, and 
Big P>oy also shoAV a considerable degree of resistance. November, lloAvard, 
nnd Hunt appear to be llu* most susceptible Auirieties. 

IMPORTANCE 

Exact (lata on the (*tfe(d of black rot on vegetative parts of muscadine 
gi*ai)(*s could be ol)tained only by (xmiparing yields of infected vines Avith 
yields of vine's on Avhich the di.seas(* Avas completely controlled. Control of 
the disease on vegetative ])arts has, however, x>roA"ed too difficult to make 
])()ssib!e sucli a com|>arison. In the absenee of these data only an estimate 
of the imi)Oi'tan(‘e of the black-rot disease can be made, xiltliough the i)er- 
centage of leaves remaining at harve.st time on the Aunes Avliich are infected 
is high in all varieties, varying from 33 per cent on Thomas to 65 per 
cent on Stuckey, the amount of defoliation, iiot all of Avhich can be attri- 
but{*d to black rot, is low. On most varieties it is less tlian 10 per (‘ent. On 
Thomas and Dulcet it is approximately 6 i^er cent, and on Yuga and Creek 
it is approximately 4 per cent. Exceptions are Stimkey and Sciippernong 
Avith 18 and 17 per cent defoliation, respectively. Althougli a great many 
leaves are diseased, such leaves generally continue functional. On all 
A^arieties the proportion of stems infected averages 63 ].>er cent. Only 2 })er 
cent of the stems ar(‘ bliglit(Hl at the tijis, hoAvever; and axillary b^ds con¬ 
tinue the growth of blighted shoots almost immediately. In vicAv of the 
fact that muscadine grapes are extremely vigorous, iiroduOng an excess of 
vegetath^e growth, it semns improbable that either the reduetion in func¬ 
tional leaf area as a result of sjiottiug or tlie small amouut of stem tip 



912 


PiIYTOPATHOIjOGY 


[VoL. 36 


blight is of much importance in a properly managed vineyanl. Only 
Stuckey and possibly Scuppcrnong, on which there is a great amount of leaf 
infection and a considerable amount of defoliation, appear to bi‘ affected 
by the preseiuie of black T‘ot on the vegetative parts. 

Blossom blight appears to be of more imi)ortan(*e than leaf infection 
although here again, since control has not been obtained, no exact data on 
its influenre on yield are available. Bdossom blight is occasionally severe 
on the first flower clusters formed in the spring. Th(u*(* is little l)lossom, 
blight later in the season. Since muscadine graphs bloom over a long 
period, it is possible that fruit set late will compinisate for that lost as a 
result oi' blight of the flower clusters early in the spring. But, evtni so, 
severe blossom bliglit results in irregvdar ripening of the crop, and this is 
objectionable because it increases the cost of hai*vesting. 

On most varieties berry infe(dion is negligible. I'eri-y infection must 
be considered, however, be(‘ause Hunt, the variety of gi'catest promise for 
commercial growers, is oiu' of the most sus(‘eptible varieties. Infection of 
Hunt berries may be as high as 30 pei- cent, and the (‘ankers may l)e severe 
enough to caus(a the berries to droj). Even on Hunt, howeyer, berry drop re¬ 
sulting from infection with black rot is of littl(‘ imi)ortance. In 1945 thirty- 
five per cent of the crop on Hunt vines in th(‘ Experviment Station variety 
vineyard droi)ped to the ground. Bittei* rot, th(^ most important single 
factor, axH'Ourited for 55 per cent of this drop. Black-rot cankers on the 
berries were responsibh* for only 2 per cent of it. This represents oidy 0.4 lb. 
lost because of black rot of a total potential yield of 79 lb. per vine. Since 
black-rot, cankers do not spread in mature tissue, it is improbable that 
cankers on the pedicels were ivsponsible for any considerable amount of 
the berry drop. Black rot is, therefore, ('Onsidered of little imj)ortance in 
reducing yields. This is illustrated by the results from spj-aying. In 
1943 counts of infected berries on Hunt vim's showed that 30.7 per cent 
of the berries were infected on unsiu'ayed vines, while ordy 14.69 ixn* cent 
were infecit'd on sprayed vines. This reduction of approximately 50 ])er 
cent in amount of infection was not, however, reflected iii incr('as(‘d yields. 
On both the sprayed and the uns|)rayed vim^s the average yield was 48 lb. 
I)er vine. The belief that black rot is jiot of ])rimary importance in in- 
flueiKiing yield is further substantiated by the fact that, dui’ing the past 
six years in tlie Experiment Station variety vineyard, the Hunt variety 
has produced an average annual yield of ()t).17 lb. per vine; while Dulcet, 
the most resistant wiriety, has produced only 31.17 lb. per vine. 

Black rot does, however, affect tlu* quality of the crop. Although the 
superficial, sca])by lesions do not reduce the yield, the>' damage the ap¬ 
pearance of the fruit. 

ETIOLOGY 

Taxonomy. Observation, first by Dr. B. B. Higgins, of the fact that 
burich grape vines growing adjacjent to or intertwined with heavily infected 
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muscadine vines often remain free of black rot suggested that the fungus 
associated with black rot of muscadine grapes differs in pathogenicity from 
Guignardia hidwcllii^ the cause of the disease on bunch grapes. Results of 
inoculation trials ha\'e now confirmed this observation. Because this dif- 
fereiK'e in pathogenicity is accomj)anied b\' only slight morphological dif¬ 
ferences, the fungus causing black rot of muscadine grapes is described as 
a noAV form of G. bidwelUi. 

Guignardia bidweUii f. muscadinii f. iiov. 

Status perithecialis: Peril lieciis nigris, aini)liigenis, plerumque hypo- 
ph>dlis, ])unctiformibus, per totnm folium dispositis, subinnatis, 
sphaeroideis, 61.6-112.0 1 .{ (imHlio. 84.28 |.i diani., j)oro praeditis; ascis 
fasciculatis, aparaphysatis, cylindraecis vel clavatis, 36.4-56.0 x 11.76- 
16.8 ji (medio 43.76 x J4.28 fj)? sessilis vel breve stipitatis, bitunicatis, octo- 
sporis; ascosporis liyaliuis, continuis, obovatis vel oblongis, rectis vel 
plerumque leniter inaequalibns, 13.5-17.25 x 6.0-9.0 p (medio, 14.92 x 
7.24 [i), biseriatis vel inordinatis. 

Hab. in Verno in foliis dejectis Viiis rotiindifoldae Miehx., Experiment, 
Georgia. 

Status spermogonicus: Spermogoniis nigris, punctiformibus, ainphi- 
genis, i)lerumque hypophyllis, cum stromatibus carpogonialibus per totum 
folium dispersis, subinnatis, globosis, 44.8-78.4 p diam., ])oro praeditis; 
spermatiis hyalinis, bacillaribiis, plernmque 2.5x1 p, intus loculo centrali 
efformantis. 

Ilab. in antumno in foliis dejectis Vitis roiundifoliae. 

Status conidi(‘.us: Pycnidiis nigris, punctiformibus, amphigenis in 
foliis in maculis rufo-brunneis, orbicularibus, 1-12 mm. lat. vel in ramis et 
fruetibus in laesionibns iiigr-is effbrtmantis, globosis, 58.8-126.0 p diam., 
poro i)raeditis; pycnos[)oris hyalinis, non-septatis, obovatis, oblongis, vel 
subglobosis, utrimque obtusculis, 7.98-13.30 x5.32-7.5 p (medio 10.16 x 
6.40 p), ex hypliis brevis intus loculo centrali oriiindis. 

Ilab. in verno, aestivo, at(iue antumno in laesionibns in foliis, ramis, et 
fruetibus vivis Vitis rotvndifoliac. 

Collections of type material have been deposited in the Farlow Herbar¬ 
ium, Harvard Xlniversity, in the Mycological collections of the Bureau of 
Plant Industry, U. S. Department of Agriculture, and in tlie herbarium of 
the Royal Botanic Garden at Kew, Surrey, England. 

The form rmiscadinii differs from Guignardia hidwellii in pathogenieit}', 
in appearance and rate of growtli of colonies in culture, in the smaller size 
of perithe(*ia, and in the slightly larger size of ascospores and pycnospores. 
These differences will be brought out in detail in the following account. 
They are not considered sufficient basis for tlie erection of a new species or 
variety. 

Morphology. Only the pycnidial stage of Gnignardia l)idw(ddn f. mus¬ 
cadinii, which belongs in the form genus Phoma, is associated with black- 
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rot JesioHs on muscadine vines during the growing season. Primary in¬ 
fection of the leaves and steins as soon as they emerge from the buds in 
the spring is accomplished by ascospores from perilh(*cia on overwintered 
leaves and by pycnospores from cankers on stems inf(M*ted during the 
X)revious st^ason. Tlie spores are carried by air currents or raindrops to 
the surface of the new growth where, undt'r suitable moisture conditions, 
tliey germinate. Although entrance of the germ tubes has not been ob¬ 
served dir(‘ct]\*, evidence obtained from inoeulatimis indicates that infection 
takes i)laee through the upper surface of the leaf as r('adil>’' as through 
the lower surface. Since the u})per f^iidermis of the leaf is not provided 
with stomata, tlie germ tubes must be capable of i)enetrating the e])idermis 
directly. Witliin the leaf the mycelium spreads intracellularly through 
the e])idermis and mesopliyll without ]>roducing (‘xternally visible symp¬ 
toms for about thrcM^ iveeks. At the end of the incubation period the in¬ 
vaded cells die, producing the characteristic black-rot lesions. A similar 
invasion of immature tissue of petioles, shuns, t(mdrils, flower clusters, and 
berries results in th(‘ production of cankers. I'lie cells of the my celium till¬ 
ing the dead (‘pideiMiial cells become thick-walled and dark-('()lored, j)rodnc- 
ing a black crust over tlie snrfaee of th(» canker. On berries th(‘ infeided 
tissue is sepai'ated J‘rom the healthy tissm* beneath by layers of cork cells. 

Pycnidia develop rapidly witliin the lesions as tlu' infe(‘t(‘d tissue dit*s. 
The j)y(*nidiiUM originates as a spherical mass of ])S(‘ii(l()])aren(‘hymatous 
tissue beneath tlie ejiidermis. Within the p\cnidiuin a. eentral cavity is 
formed, and cells lining the cavity produce' short conidio|.)]iorcs wliich ab- 
strict ])ycnospor(‘s i'rom their tips. The ajx'X is provid(*d with a })ore 
through which the pA’cnosjior s wliicli now fill the cavity are liberated. The 
])ycnos])()res are sub-globose, obovate, or oblong, hyaline, and nonseptate. 
They immediately initiate s(‘coiidary ini'eetions. 

The fungus survives the winter on infect(*d stems and leaves. No spores 
of Guignardui biduudhi f. in us (Hid in ii have been found on overwintered ber¬ 
ries. This may be because the lK‘rri<*s, as soon as they fall to tin' ground, 
are invaded by varvious fungi that are more A'igorous saprophytes. Func¬ 
tional py('nidia survive the winter in cankers on the stems, but tli(‘se can¬ 
kers are excised by growth of tlie stems during the si'cond .sisison. Pyeno- 
spores have also been found in abundam'e on infected stems Avhieli were 
Xiriiiied oil in the fail and left lying on the gi*oiind o\'er winter. 

l\ycnidia on leaA'Cs do not survive the wint(*r, but peritheida are ])ro- 
duced abundantly on over-wintered leaves. After the leaves die and fall 
from the vines at the end of the groAving s('ason, the fungus spreads 
throughout the leaf. From Octobm' to I)(H*eml)er, spermogouia and iierithe- 
cial initiaLs develop in tlie dead leaves. They ai*e formed oAx>r the entire 
surface of the leaf outside of the original lesions. Externally sj^ei-mogonia 
are similar to j^ycnidia ext'cpt for their smaller size. The siiermogonium 
is composed of a pseudoparenehymatous Avail surrounding a central cavity 
filled Avith hyaline, unicellular, bacilliform siiermatia. The spermatia are 
liberated through a pore in the apex of the spermogonivim. 
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J\*rithec*ial initials develop sli^htl^^ later than speriiiog:()nia but are ex¬ 
ternally in(listinj^misliable from timm. Tliey diiTer internall.y, liowev^er, in 
that no (central cavity is formed. I'he perilheeial initial is filled with a 
mass of lar^e, thin-walled, liyaline pseiid()|)ar(‘nehymatous cells. Several 
deei)ly-stainin^’ (^arpo^onial cells lie in the pseiidoparenehyma within each 
])crithecial initial. From these cells a fascicle of asci is produced in the 
base of the dev(‘Iopiii<*’ p(*ritl]ecium during: January. As the asci develop 
the i)S(Midoparen('hyimi is crushed and disint(*<»M-at(‘d heaving* a, (central cavity 
occupied by the asci. The ascospores matur(‘ durinj>‘ late* March. Tlie ma¬ 
ture peritli(‘cium consists of a s|)iieri<‘al. dark-(-olored, ])S(Midoparenchyma- 
tous wall surrounding' a. ('cntral cavity containing a fasci(*le of aparaphy- 
sate asci. At the aj)ex tiu* wall is |>rovid(‘d with a ])ore tlirouj^h which the 
ascospores ar(‘ dischar<:»'(*d. Matur(^ as(‘i an' sessile or slioil-stipitate and 
are cylindrical to chnate. Emdi contains eij^ht biseriately arranged asco- 
s])or(‘s. The as(‘()S])ores arc' obovate to oblong, hyaline, and non-septate. 
When tlu' ased are moistc'iu'd, th('y discharge tlicir ascosx>ores forcibly one 
aftei* anotlier. Ascospore discharge continues for four or five wec'ks during 
Api-il and May. 

(ruifjiiardia hidirrUli and its form ^nuficadinii difiV'i* in symptoms pro- 
dvK'ed on th(‘ host plants as well as in mor|)liology. ()ji bumdi grapes in¬ 
fection with G. hidirdlil n'sults in the complc'te mummifi(*ation of the ber- 
ri('s, wlrih' on niuscaidiiie graj)es (t. hidivcUii f. riiuscadinii causes only a 
supi'rficdal S('ab or ('ankei* of the b(*rries. it is (piite ]>ossil)le, however, that 
this ditlVnuKH' in symjdouis is the ivsiilt of host reaction. The diirerenct^s 
in morphology also arc' sliglit (Table 1). Perithecia of G. bidwelUi were 
largc'i* tlian those of tlu' foi'in muscadiidi^ the dilferenec' in average diameter 
being 62.2 p. Sificc' perithecia of G. hidwellll ai‘e produced only on ber- 
ri('s and those of the* form nut scad i nil only on leavi's, the larger size of the 
l)erith(*('ia of G. hidicdlii may be a n'sidt of growtli oji a richer substrate. 
This will not, however, explain the ditrerenc'e in size of ascospores sinc(^ 
tlie ascosj)oi*es of the Auiric'ty were 1.4 p longer and 0.6 p widc'r than those of 
the species. Tln're was little diffei-eiu'e in size of pycnidia. The pycno- 
spoi'cs of the I’orm ^^’('re slightly longer than those of G. hidwrUii, the dif- 
f(‘renc(' being 1.0 p in average' lengtli. A similar difference was apparent 
in th(‘ size of ])y(Miospores produced on leaves of Vitis vinifera inoculated 
AA’itli th(' two fungi. On tlie same liost the differem*e in average length of 
pycnospores ^^'as O.S p. 

Growth in Culture, Guignardia hidwcnH f. niuficadmii was obtained 
in culture from as('(rs])ores by susjiending })i('ces of over-wintered musca¬ 
dine l(*av('s bearing mature' jieritliecia from the top of a I’etri dish so that 
the ascospores were dischargc'd upon tlie agar below. Cultures were ob¬ 
tained also from infected tissue of mascadine stems, leaves, and berries by 
planting bits of surface-sterilized tissue cut from the margins of black-rot 
lesions on tapwater agar. Isolates from all sources produced similar colo¬ 
nies on 3 per cent malt agar. The colonies (Fig. 3, B) were slow-growing, 
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black, liemisx)lieri(*.HJ masses of plecteiichymatous stromatic tissue densely 
covered with pseudoparenchymatous ])yeilidia. Pyeilospores, jiroduced 
abundantly in these e.ultures after three to four weeks, were identical with 
those found in black-rot lesions on muscadine vines. rycnosj)ore produc¬ 
tion ceased after several we(‘ks, and no pycnospores were form(‘d in trans¬ 
fers of the orif^iiial cultures. In transfers a scanty white mycelium de- 
velo])ed over the colonies, partially covering the black stromatic mass and 
extending slightly bcwond its margin. 

Por com|)arison, (jHiijnardia bldwdlii was isolated from ascospores 
from i)(*rithe('ia on over-wint(‘red black-rot berry miimmi(‘s from the fol¬ 
lowing tliiHH' dilfercmt buncli grapes: (1) a European grape near ('Onyers, 
Georgia, ( 2 ) an nndetermin(‘d variety of native graj)e at the same locality, 
and (d) a Warren grap(‘ m^ar Experiment, G(*orgia. The isolates from all 
three* sour(‘(‘s were similar to one another but different from those of the 
form nntscadinii. On 2 |)er cent malt agar the three isolates x^roduced 
more* ra|)ieily growing colonie‘s of white* mycelium whie*h se)e)n became gray 
or black at tlie* snrfae*e e)f the me*dium (Fig. B). Pycnidia were scattered 
separate‘ly in the mye'elinm. The pycnosx)ore*s fbrraeel in these cultures 
we‘re siinilar te) the)se formeel by 0. bidiccllii f. miiHcadinii. Pyenosi)ores 
were again pre)eluce‘el in the first transfers from the original cultures, but 
they were* not forme'd in sul)seepient tran.sfers. 

In aelelitie)!! to the eliiTerences in type of colony formed by Giiignardia 
bidwdUi anel its rorm mu scad ini i and in rates of growth in culture there 
was a slight elilTe‘re*ne'e* in size e)f |)ycnosi)ore*s produced by the two fungi un¬ 
der identie*al (M;)nditie)ns e)u the same culture medium. The x>.ycnosi)ores of 
a. bidwi'llii w(*rc 7.5 12.0 x6.0-9.0 ^ (av. 125, 9.17 x6.97 n) ; those of the 
fe)rm ynnsaidinii we*re 7.80-14.63 x 5.22-9.»11 g (av. 125, 10.09x6.92 g). 
Although there was no elilTei*ence in wielth, the ])ycnospores of G. bidwellii 
f. ynuscadinii e*X(*eeele*el those of G. bidwellii both in maximum length and 
in aA'crage length. The* elilfe*rene'e in maximum length was 2.63 p, while the 
dill'en’cne'e* in average length was 0.92 fi. 

Jnoculalions. 1 ne)culatie)n expexriments were designeel to eletermine (1) 
the pathogenie'ity of Gnirjnardia bidwellii and G. bidwellii f. mmeadmii on 
several species anel varietie^s of Vitis, (2) the differences in pathogenicity 
between the s|)ecies anel its form, and (3) the genetic connection of the per¬ 
fect anel the imperfee*! stages of both fungi All inoculations were made in 
the gree*idie)nse* whe‘re there* was ne) natural infection. The inoculum used 
was suspensions e)f pycnospore's obtaineel by macerating i)\’cnielia from cul¬ 
ture's e)r from host h'sions in sterile taj) water. Host material was fur¬ 
nished by small vines grown in 6- or 8-inch pots. In making inoculations 
single, vigorously growing she)Ots be:*aring leaves in various stages of develop¬ 
ment were selee*ted. The jiumber of leaves on each shoot and the size of 
each leaf were ree*orded. Drerps of inoculum were applied along the stem 
and to each leaf on the shoot. After permitting the drops of inoculum to 
dry, the inoculated plants were placed in a moist chamber for 48 hours. 
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The plants were then returned to beiiehes in the greenhouse and kept un¬ 
der observation for at least one month. Control |)lajits iiieltided in each 
expei-iment were treated similarly exeept for the faet that they were not 
inoculated. 

Only the muscadine grape was inoculated with pycnospores from field 
material of (ruignardia hidivclUi and G. hidw(dUi f. mi^.s'cadf/rn in Jul\', 1943. 
Six shoots bearing a total of 70 leaves were inoculated with pycnospores of 
G, bidivcUii f. muscadinii obtained from leaf spots on muscadine vines. All 
six sJioots became jnft‘cted. licaf spots or petiole cankers or both aiipeared 
on 31 of the 70 leaves. Five of the.Jeaves were killed. Tlit‘ stems of two of 
the shoots Avere cankered, and their lij^s were blighted. Eleven control shoots 
with 85 leaves remained free of infection. Eight shoots 'with 64 leaves were 
inoculated with pytmospores of G. bidtvcUii from leaf spots on a AVarren 
bunch grape, and si.x slioots witli 49 leaves were inoimlated witli py(*n()S|>ores 
from leaf spots on an undetin'mined species of wild bun(*h gra[)e. None bt‘- 
came inft^cted. In tliese experiments G. bidwcllii f. mi(.u:ndinii produced 
100 ])er cent inf(M*tlon on mus(*.adine shoots; while G. bklwcllil ])roduced no 
infection on similar slioots. 

During June in 1944 and 1945 mnre extensive inoculations with both 
G'wignardki bidwcllii and G. bidwcllii f. rirusc^adinii w(‘r(‘ mad(^ on four dif¬ 
ferent liosts. (1) a, European buiuJi grape ( Fd/.s* vinifcra Linn.), (2) a 
muscadine grajie ( F. rohdidifolii!), (;l) a AVarren bunch grape (F. hour- 
qvinci Munson ex A'iala), and (4) a Niagara bunch grape (F. htbrmca 
Linn.). Inoculum of G. bidwcllii f. muscudhiii was a suspension of pycno¬ 
spores produced in (uiltures of ascosporcvs from over-wintered muscadine 
leaves. IikxmiIuiu of G. bidwcllii was susjiensions of pycnospores ])roduced 
in cultures of asi'ospores from over-wintered berries of three different bunch 
grapes; a European, a AVarren, anil an uiuhdermined variety of native grap(‘. 
Since inoculum of G. bnlwcllii, from these three ditferent sourc(*s produced 
similar results, they will jiot ?>e considcnxl .separate]}'. The results of thes(» 
inoculations are in tal)h* 2. During these experiments, the control shoots 
remained free of infeittion. iL bidwcllii f. muHcadinii ju’oduced 100 per 
cent infection of muscadine slioots but did not infeid Warren or Niagara 
slioots. On the other hand, wliiie G. bklwillii iid'ected almost 90 ix^r ccn\ 
of the Warren and Niagara shoots, it did not infect muscadine shoots. Botli, 
however, |)roduced 100 per cent infection of vinifcra shoots. The two fungi 
were reisolated from lesions on the imxudated shoots by planting bits of 
surface-sterilized inf(‘ctcd tissue on tap-water agar. Both G. bidwcllii and 
the form nnmwclinii were rcusolated unchanged from the vinifcra grape. 

The incubation period of (ilurffJiarclia biclwc llii on all buiKdi grapes was 
ap|)roximately two weeks. The incubation period of G. bidwellii f. nnisca- 
dmn on muscadine grapes was approximately three weeks. On the vinifcra 
giape, however, its incubation period was two wrecks, the same as that of 
G. bidwcdlii. The longer incubation period of tlie form muficadinii on musca¬ 
dine grapes appears, therefore, to be the result of host reaction, and it does 
not constitute a physiological difference between G, bidwcllii and its variety. 
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The low i)ereenta;L»e of leaf infection (Table 2) may be explained by the 
fact that only immature liost tissue is susceptible. If only immature leaves 
Avere selected for inoculation, the percentage of leaves infected might ap¬ 
proach 100 i)er cent. For this reason the differences in amount of leaf infec¬ 
tion are not considered significant. They are simply a result of variation 
in the shoots inoculated, young rapidly growing shoots presenting a greater 
proportion of immature susceptible leaves than older shoots. 

On muscadine vines spots appeared only on the first to the seventh leaf 
back of the growing ti|). These leaves at the time of inoculation varied from 
tiny leaves not yet expanded to leaves ui) to 4.7 cm. across. No spots ever 
a])pearcd on larger, more nearly mature leaves farther back from the tip 
oi* tlie shoot. Api)arently the fungus spread within the leaf tissue without 

TAIVIjK i -.—lif siills of inorulalion trials with Guif/itardia hidwcllii on grayes 
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producing any exteivnal symptoms so long as the tissue was immature. As 
the leaf tissue approa(‘hed matui*ity the extension of the fungus ceased, and 
the invaded tissue died and ap})eared as a spot in the leaf. The spots, there¬ 
fore, had attained almost tlieii* full dimensions vheii they first appeared and 
did not enlarg(‘ in tlie mature leaves. For this reason the spots on leaves 
that were young Avhen iruxudated AAcre large. In leaves that Avere almost 
niature avIumi inoculated tlie fungus spread litt le, and, consequently, the siiots 
Avere small. Since, lioAvevcr. the older leaves presented a greater surface 
area to the inoculum, the sfiots on these leaA’Cs Avere numerous. Apparently 
petiole tissue remains suscejitible longer tlian leaf-blade tissue. Petiole 
cankers appeared on the first to the eighth leaf back of tlie growing tip of 
the shoot and on heaves as muvh as six cm. across at tlie time of inoculation. 
Severe petiole cankers sometimes resulted in the deatli of the entire leaf. 
Stem tissue Avas infected only from the first to the fifth nodes back of the 
groAving tip. Oe(%‘isionally the entire stem tip was blighted. 
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These resuJts deinoiistrate that both Guujnardia bidwelln and G. hid- 
wellii f, tnuscadinii are capable of infectinf^ leaves and stems of j^rapes and 
of producing typical black-rot lesioiivS on theiri and that only immature host 
tissue is susceptible to in lection by either organism. They show further that 
there is a dilVerence in pathogenicity between G. hidwclUi and its form. Of 
our native grapes G, bUlwcUii attacks only bunch grapes, while the form 
museaditiii atta(-ks only muscadine grapes. Both fungi, liowever, are patho¬ 
genic to the European grape, producing similar* symptoms on the leaves and 
stems. The fact that ascosirores from perithecia on over-wintered leaves or 
berries produce cultures in which liie jrycnidial stage is formed and that 
X)yciiosi)ores from these ascospore cultures produce black-rot lesions bearing 
tyirical pycnidia when inoculated on the leaves and stems of the host demon¬ 
strates the genetic connection of the |>crt!ect and imperrect stages of each of 
the two fungi. 

(U)NTROLi 

In order to determine the irrotection against blat*k rot afforded by spray¬ 
ing, ex|)eriments were conducted in an aci*e vineyard of the Hunt variidy 
at the (Georgia Experiment Station during the seasons 1942-1944. Half 
of tire vineyard was not sprayed, while the other hall* was given four sprays 
eacli season. A 4-4-50 Bordeaux mixture was applied as follows: two 
sprays prior to blooming, one after the fruit was set, and tlie last when the 
fruit was half grown. Since there was some* injury to young foliage, a 
2“3 ‘50 Bordeaux mixture was substituted for the first spray. 

Spraying resulted in no im-rease in yields. The average yi(‘lds X)(‘r viin^ 
in the si)rayed and in the uns[)rayed halves of tlie vineyard w(‘re as follows: 
1942, si)rav'ed—51 lb., unsprayed—69 lb.; 1943, s])rayed—4S lb., unsprayed— 

48 11).; 1944, s])rayed.- 80 lb., unsi)ray(Ml—84 lb. The average annual yields 

|)er vine for the thre(!-ycar i)eriod were: sprayed—59.7 lb. (average of same 
vines for three years prior to test, 61 lb.), unsprayed—67 lb. (average of 
same vines for three years prior to test, 60 lb.). 

In order to determine whether sj^raying reduced the amount of infection 
with black rot, even though it did not result in imvreased yields, counts were 
made in the vineyard immediately before liar vest in 1943. Counts were 
made on five shoots on each of 20 vines, that is, on a total of 100 shoots in 
both the sj^rayed and the unsprayed halves of tlie viu(*\uird. The results are 
given in table 3. The ai)])lication of four sprays was not very effective in 
reducing the amount of black rot on the vegetative parts. It produced only 
a slight reduction in the iiercentage of leaves infected and in the percentage 
of stems cankcu’cd. More freijuent spraying would probably result in a 
greater redu(*tion. It is difficult to keep the foliage covered with sfiray, how¬ 
ever, because of the rai)id growth of the shoots. For example, the rate of 
growth of the Hunt variety was determined by tagging 25 shoots scattered 
throughout an acre vineyard and measuring the elongation of the stems and 
counting the number of new leaves formed at one- or two-week intervals 
during the 18 weeks from April 11 to August 16, 1945. The weekly rate of 
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growth was fairly iiuifonii throughout this period except for the three weeks 
from April 19 to May 9 wlieii luiseasoiiable cold weather retarded growth. 
During tlie 18 weeks, tlie st<uns elongated an average of 2.98 in. per week 
and added an average of 2.07 new leaves i)er week. The most vigorous shoot 
averaged 6.88 in. stem elongation and produced an average of 3.78 new leaves 
per week. The highest rate of growth recorded for any shoot in a single 
week was a stem elongation of 10 in. with the addition of six new leaves. It 
is obvious that, even if the vines were s])rayed at weekly intervals, a great 
amount of the most sus(*.e|)tible tissue would be exposed to infection shortly 
after each sj)ray was api)lied. Apparently it would be impossible to obtain 
comi)h*te control of black rot by protective spi’aying in the presence of a 
(‘ontinuons source of inoculum such as is furnished by unsprayed check rows. 

TATJLE —Effect of sprayiiuf on amonnl of hlnck-rot infection on Hunt muscadine 
(jrapes at the Georgia Experiment Station in IPHi 



Amines not 


Ri'diiction 

Data recorded 

\ ines 

from 

sprayed 

sprayed 

spraying 

Per cent 

No. of shoots 

JOO 

100 


No, of leaves 

2271 

2159 


Percentage of halves infeeted aii<i lost . 

52.58 

49.35 

6.18 

Av. no. of spots per infected leaf. . 

11.05 

8.25 

25.20 

■|hvrcentag(? of stiaiis canlvered 

74.00 

06.00 

10.81 

.Av. no. of cankers per infected stein . 

0.75 

5.55 

17.53 

No. of fruit clusters . 

105 

153 


Ferciuitage of fruit clustius witli pediceks infected 

18.18 

13.14 

27.72 

Av. no. of cankers per in fected cl list (*r 

J .40 

1.25 

10.71 

Nuinber of berries . 

1300 

1108 


Percentage of berries infected .* 

30.70 

10.01 

47.85 

Av. no. of cankers pi'r infeaded berry 

2.84 

1.96 

30.99 


Of course, spraying an (mlire isolated vineyard in eoiijunction with the 
elimination of neighbo]*ing wild vines and cultivated vines which cannot be 
properly cared for, thorough pruning, and the disposal of all litter b,v burn¬ 
ing during the winter would probably greatly redu(*e the amount of infection 
or even eliminate black rot in the vineyard. 

Although only two of the four si)rays were applied to the berries, these 
two sprays reduced the number of berries infected by ap|)roximately 50 per 
cent and also reduced tlie number of scabs and cankers on the infected berries 
by 30 per (*.ent. It seems certain that more frequent spraying of the berries, 
perhajis at two-week intervals f rom the lime tlie berries arc set until they are 
full size, would give them aderiuate protection. Spraying the berries is diffi¬ 
cult, liowever, liecause they are covered by a dense growth of stems and 
leaves. 

DISCUSSION 

Patlwgenicity. The results obtained in the inoculation trials reported 
here are of interest because of the disparity in tlie results obtained by previ¬ 
ous workers. Prior to 1900 several Frencli jnithologists reported studies in 
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whicli they apparently were able to demonstrate the patho^^enieity of Guiq- 
nardia hidwellii on biineli crapes as well as the ^enetie eonnection of the 
p(^j*fe(*t and the irnperfeet sta|»es of the funj 2 ;MS. Viala and liavaz (TO) inocu¬ 
lated berries with py(*nospores and prodiuied typical black-rot lesions on 
whicli pycnospores and later spermof^onia formed. They also obtained infec¬ 
tion of leaves inoculateil with as(*ospores from overwintered berries, iirovin^- 
the pathoj’enicity of G. bukvellii, the g*enetic connection of the pycnidial and 
perithecial stages of the fungus, and the identity of the fungus on the leaves 
with that on the berries. Prunet (5) obtained infection of leaves by inocu¬ 
lating them with py(;nospores. He observed the })rocess of infection micro- 
siMjpically and found that the germ fubes penetrate the cuticle directly. He 
discovered that the iiKuibation jieriod depends u])on weather (conditions and 
tliat it varies from 22 -25 days in April to 10-12 days in July. He also found 
tliat only young, growing leaves are susceptible. Mature leaves were not 
infected. Leaves that ivtvre not (juite mature when inoculated but matured 
during the iiKcubation period also were not infected. The germ tid)es i>ene- 
trat(‘d the cutich' of these leavt^s, but growth of tlio fiingns within the host 
was arrested. The spots usually presented their full dimensions when first 
evident. 8oursac (9) later attempted l)y means of inoculation trials to deUu;- 
mine the relative resistance of various species of He was able to ol)- 

tain inf(^ction in tli(‘'gre(‘nhouse oidy on V. vinifvra, but his field inoculations 
were successful on a Jiumber of s])ecit‘s of Viiis. Although these r(‘sults se(cm 
to be conclusive, Reddick (fi) reported that iji expiuviments in New' York h(‘ 
was unable to obtain proof of the ])atlH)geni(‘ity of G. hidwellii on bum'h 
grapes although he made thousamls of ino(*u!ations i)Oth indoors and in tlie 
field. Tli(‘ results of my ijiocidation trials ]>rove again tin* pathogenicity and 
connection of stages of G. hidirrllil on bunch grajx's and ar(‘ in com]Vlete ac¬ 
cord Avith those of Viala and Ravaz, Prunet, and Sounsac. Tliey (hmionstratc 
further the pathogenicity and genetic conne(dion of tlie perfcH't and imper¬ 
fect stagers of G. hulivellu f. muscadinii on muscadine grap(^s. It is diflicult 
to exiDlaiii Reddick’s failure to obtain inIVrtion w'ith G. bidwellii unless his 
inoculations Avere made on mature tissue. 

Forms of Gutf/nardia bidwrlhi. The fact that tlie fungus asso('iat(*d 
w ith black rot of muscadine gra])es differs in pathogenicity from GitUinavdia 
(ndwclhij cause of black rot of bunch grajies, is of iiracdical imjiortance for 
the following reason. Bim^e G. bidwelln f. muscadiiiii does not infect buiudi 
grapes, it should be ])Ossible to plant native buncli grajics in tlie vic^inity of 
muscadine grajies Avithout danger of the disease spreading from the musca¬ 
dine grapes to the bunch grapes. It should, therefore, be unnecessary to 
make costli' attempts to control black rot on the muscadine grapes in order 
to remove a source of inoculum for the infection of the bunch grapes. On 
the other hand, siiUM^ G. bidwellh f. muscadimi will readily infect Vitis 
vimfera, diseased muscadine Aunes w^ould be a constant threat to plantings 
of European grapes in their Aucinity. 

The existence of a distinct form of Guignnrdia bulwcllii explains Sour- 
sac's failure to obtain infection on Viiis rotundifoUcL Soursac (9), using 
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iiioeiilnni of G. bidwelUi from a sinj^Ie source, obtained infection on the fol¬ 
lowing' species which are listed in order of increasing resistance: Vitis 
vimfera, Y, arizonica Engelin., V. californica Jhnitham, Y. lahrusca, Y, 
rubra Miclix., Y. monUcola Buckley, Y. coriacea Shuttleworth, and Y, 
rupe-<:lrts Sc'heele. In anotlier experiment he obtained infection also on 
V. Lincccumii Buckley, and F. aesf ivalis Michx. His inoculations produced 
no infection on Y. rotundifalia because, as is now evident, Y. rotundifolia 
is susceptible only to G. bidweUU f. muscadinii. 

It seems j)robable that there are other foians of Guujvardia bidwcllii in 
addition to tlie lorm muscadinii. Soursac (9) failed to obtain infection on 
four American s])eeies of bunch gra})e, Vitis riparia Michx., Y. cordifolia 
Lam., cinerca Engtdm., and Y. candicans Engelm., although black rot has 
been report(‘d on all four of these species (8). This suggests the possibility 
that th(‘re are undeseribed forms of G. bidwidlii which attack only certain 
specie's of buncli gi-apes. Furthermore, black rot lias been reported on Vir¬ 
ginia Creeper (Parfhenocissus quimiuefolia (L.) Planch.) (1, p. 11311) and 
on Boston ivy (Z^ tricuspidaia (Sieb. and Zucc.) Planch.) (2) and has been 
found on botli of these s])ecies in Georgia. Preliminary inoculation trials 
indic'ate that the fungus associated with the disease on tliese two species, 
wliile it is morphologicall\' similar to G. bidweUU, differs in pathogenicity 
from both G. hidwdlU and G. bidwellii f. ynuscadinii. Further inoculation 
experimenis will probably deimmstrate that this is a distinct form of G. bid¬ 
wellii which attacks only Parthenocissus species. 

1 mporlance of Black Rot on Muscadine Grapes. Although black rot is a 
('ommon and coiisjvicuous disease, it seems to have little direct effect upon 
yield of luusioidine gra])es. It is difficult to control; and control measures 
beyond good cultural practices (4, 7) such as selection of a suitable vineyard 
site, j)ro})er culliA'atiou, fertilization, pruning, and vineyard sanitation would 
hardly be pi’ofitable. IIj>on tlie l)asis of present evidence spraying cannot be 
recommended for the control of black rot. With jvj-oper management good 
ero])s may be produced in the ])resence of this disease without any special 
ineasur(‘s l)eing directed toward its control. 

The only a})preciable damage resulting from black rot is the lowering of 
the (juality of the (‘ro]) because of the presence of sc'abs on the berries. This 
is true of only a few varieties among which, however, is the most important 
(commercial variety, the Hunt. This lowering of (juality is of little impor¬ 
tance at i)resent because the crop is usuallj" sold in bulk to wineries, and the 
dry, superficial scabs do not interfere with the use of diseased berries for the 
extraction of juiin*. II* the crop should become important as a fresh or frozen 
fruit for tabh' use, bjack-rot scabs would be objectionable. 

Although tliere are varieties of good quality with resistant foliage and 
with berries that are almost immune, such as Dulcet and Thomas, these 
varieties do not yield as well as Hunt, a relatively susceptible variety. At 
present resistance to black rot is not, therefore, of primary importanc'e in the 
seh^ction of a variety. If, as seems improbable, black rot should become of 
major importance, it is well to know tliat there are resistant varieties of good 
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quality available. Furthermore, since resistance is present in some varie¬ 
ties, it should be possible to combine resistance with high yield and quality 
in future breeding work. 

SUMMARY 

Black rot, a common and conspicuous disease of muscadine grapes (Vitis 
rotimdifoUa Michx.), is primarily a disease of the vegetative parts. It causes 
a spot of the leaves, a (‘anker or blight of the petioles, tendrils, stems, and 
flower clusters, and a su[)erficial scab or canker of tlic berries. It causes little 
defoliation and only a negligible amount of beriy drop. Black rot has little 
effect on yield and api >ears to be of ■minor importaii('(\ 

Miiscadine varieties vary considerably in degree of susceptibility to black 
rot. Some varieties, such as Dulcet and Thomas, have relatively resistant 
foliage and berries which are almost immune. These vaineties, liowever, 
l)rodiice lower yields than Hunt, one of tin* most susceptibh; varieties. 

The fungus asso(‘iated with black rot on nmsc'adine grapes differs in 
pathogenicity from Gnujnardia hid/ivcllli (Ell.) Yiala and Kavaz, cause of 
black rot of bunch gra})(‘s. Only slight morphological difl‘er(‘nces both 
in culture and in the fleld are associated with this difftn;ence in patliogcniicity. 
The fungus is described, therefore, as a new form, G. bidw(dlii t M i(>^C(idinii. 
Inoculation trials have shown that of our native grapes G. hidwvUH attacks 
only bunch grapes, while tlie form ninscadinii attacks only muscadine grapes. 
Both, however, are capable of iid'ccting the European grape, Vilis vinifera. 
Inoculations have also demonstrated tlie g(metic coninx'tion of the pycnidial 
and perithecial stages of each of these fungi. 

Experiments have prodiu'cd no evidence that black rot on muscadine 
grapes can be profitably (umti'olled by spraying. Control measures beyond 
good cultural practices necessary for the maintenance of vigorous growth 
ar(‘ not recommended. 

Boi’ A NY Depart .men t, 

OEomuA Experiment Station, 

Experiment, Georgia. 
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STUDIES ON THE CAUSE OP STEM-END BROWNING IN 
GREEN MOUNTAIN POTATOES 

A . Frank Rossi 
(Accepted for publication July 15, 1946) 

The term stem-end browninpf has been ap|)lied to a distinct type of inter¬ 
nal diseoloralion in tubers of the Green Mountain (Fh^. 1), Irish Cobbler, 
and a few other less common potato varieties. It is characterized by a 
marked necrosis of the xylem, i)hloem, and adjaemit parenchyma cells of the 
stem end of the tuber (7). It rarely extends more* than one-lialf inch beyond 
the stem scar. Very few diseased tubers are found at dif^-j^in^' time but in 
some lots a hi<»h percenta<?e of the tidiers may develop the abnormality in 
stora<re. Maximum development is obtained by storing’ for about 100 days 
at50"P. (4,5, 6,11). 



FKi. 1. Stem cud browning in Green ^Mountain tubers. (Photograph by M. T. 
llilborn.) 

P^olsom and Rich (7) could fitid no evidence that the disease was caused 
by a virus. It has recently been shown, however, that in the case of Green 
Mountains the amount of stem-end browning in a croj) is definitely related 
to the source of seed or, more specifically, to the commercial strain used (9). 
It was further demonstrated that in this variety there are two tyiHXs of 
strains, differing: in the tendency of tubers to develop stem-end browninj:. 
One type consistently produ(»es a low percentag’c of tubers that develop the 
disease while two to seven times as many tubers of the other type may be 
diseased when grown and stored under identical conditions. Within a given 
strain, all tuber lines are equally predisposed to the disease. It is the pur¬ 
pose of this report to present data indicating that this difference in behavior 

1 Formerly Bioebemiat, Maine Agricultural Experiment Station, Orono, Maine. 
Present address: Department of l*lant Pathology, Cornell University, Ithaca, New York. 
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among strains is apparently due to the presence ot a virus, or virus strain, 
in those potato strains that normally produce a cro]) with a high incidence 
of stem-end browning. 

The words ‘‘susceptible’^ and “resistant” as used herein are relative 
terms and are used to describe differences in tendency or predisposition 
to develop tuber symi)toms referred to as stem-(md browning. The term 
“Green Mountain strain” is used to differentiate between different com¬ 
mercial strains or growers’ stocks. Althoiigli some of these are knoAvn by 
specific names, it does not necessarily follow that each differs genetically 
from the others. ^ 

EXPERIMENTAL WORK 

Tlie Green Mountain variety was used in all experiments. All field ex¬ 
periments were on Aroostook Farm, Presque Isle, Maine, or on an isolated 
seed farm in northern Maine. All tubers were stored at 50'"'' P. for 100 days 
or longer before tliey were exainined for stem-end brouning.- ’riie obje('tive 
method described by Folsom and Uicli (7) was used to differentiate stem-end 
browning from net necrosis. 

Serological Tesis. During the early stages of tlie work, serological tech- 
nicnie as described by Chester (3) was used in an attempt to detect the 
presence of a virus in tubers with stem-end browning. Some of the anti-sera 
produced would give positive i)recij)itin tests with most but not all stiun-end 
browning tubers and negative tests with most but not all normal tubers. 
The results were often errati(% and at the time no explanation could be giv(*n 
for the samples with anomalous behavior, eouseciuently tlie woi*k was discon¬ 
tinued. At the time, the existence of resistant and susi^eptible strains was 
not realized. Following the discovery of the <]iiTerent behavior of strains, 
tlie earlier data were re-analyzed. It be(*ame clear that when the juice of 
what appeared to be a susce])tible strain had been used for intra[)eritoneal 
injection into rabliits and the jui(*.e oi‘ an apparently resistant strain for 
alisorption of the serum, the anti-serum thus ]>rodiU'ed gave positive pre¬ 
cipitin reaclions witli potatoes selected from apiiareutly susceptilile strains 
and negative tests with tiiose from strains that aiipeared to be resistant. In 
the latter case it did not matter whether oi‘ not the tuber had developed 
stem-end brownijig. In the former case, both normal and diseased tubers 
gave a positive reaction but the titer was iriiich higlier in the (iase of those 
showing stem-end brovning. The data w(U’e interpreted tlierefore as indi¬ 
cating cither the presence of a virus in the suscc'ptible strains* but not in the 
resistant ones or the presence of different strains of the same vii’us in the 
two types of Green Mountain potato. 

Cage Experiments. As most potato viruses are spread by insects, a test 
was made of the effect of exclusion of insects on the incidence of stem-end 
browning. A field cage was constructed of aster cloth, half of which Avas 
entirely enclosed, and the other half left open at the sides to simulate the 
conditions inside the cage yet allow entry of insects. Both areas, as well as 

2 Acknowledgment is made to Michael Goven for making the examinations. 



1946J 


Ross: Stem-end Browning in Potato 


927 


an adjoining iinsliaded and uncaged area, were i)lanted with a resistant and 
a susceptible strain in alternate rows. To doubly insure the exclusion of 
insects, the caged plants were sprayed at intervals with nicotine sulphate. 
Half of the shaded rows and half of the unshaded rows 'were likewise sprayed 
with nicotine. The aphid population of the uncaged and unsprayed rows 
W 71 S rather high. The data in table 1 show that the tubers from the caged 
rows developed approximately the same amount of stem-end browning as did 
those from the others. 

TABIjE 1.— stem-end browning in Green Mountain tubers 'produced tinder a field 

cage 


Stem end browning 


Whore grown 
in 11)43 


Insecticide 
spray, 1943 


1943a 


1944 (field 
planting) 


Minne¬ 
sota lot 


Keswick 

strain 


Minne¬ 
sota lot 


Fields 
1 and 2c 


Keswick 

strain 


Field 2^ 


Cag(3 

Nicotine sulphate 

Per cent 

4.5 

Per cent 

34.4 

Per cent 
9.3 

Per cent 
40.3 

Shaded area 

Nicotine sulphate 

6.2 

31.3 



Open area 

No sx)ray 

Nicotine sulphate 

4.5 

6.3 

38.6 

25.1 



No spray 

4.7 

30.1 

13.0 

39.3 


» Figures baaed on 500 to 700 tubcr.s. 

»» Tlie 1943 cr()|) was replanted in 1944 in an open field. Those grown outside the 
cage in 1943 were tub(!r indexed belore ]>lantiug. Tubers with leaf roll, mosaic, etc., were 
discarded. 

c Averages for 700 or more tubers from (‘ach field. Five single rows, each 29 ft. long, 
in Latin Square design, were used in Field 1; numerous small samples planted at random 
were used in Field 2. The figures for Field 2 were 9.5 per cent for the jirogeny of tin* 
cage grown material and 13.8 per cent for the other sample. 

See footnote ^ for size of saiu]>te. 

Samples were replan ted the next year. In the case of the susceptible 
strain, the progeny of the cage-growai samples developed the same amount 
of stem-end browaiing as did that of the field-growm samples. In the case 
of the other lot, how^ever, the progeny of the cage-grown samples produced 
less stem-end browming than did that of field-growm seed. The ditferenee was 
not large and may not have been significant. The possible significance of the 
apparent increase will be discussed later. For the present the important 
thing to consider is that tubers of the resistant strain still developed much 
less stem-end browning than did those of the susceptible strain. 

The Effect of Coniimied Propagation of Resistant Strains in Maine. The 
Green Mountain strain first recognized as being fairly resistant to stem-end 
browning w^as obtained from Minnesota. Consequently an experiment de¬ 
signed to test the effect of continued propagation of this strain was initiated. 
In 1942, this strain w^as obtained from a grower in Minnesota and propa¬ 
gated the follow^ing years either on a seed plot on Aroostook Parra or on an 
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isolated seed farm in Jiortherii Maine. These seed plots were roji^ued and 
harvested early to prevent the s^i)read of leaf roll and mosaic. Other lots of 
the strain were planted in ordinary fields and not harvested early but the 
crop was tuber indexed to eliminate leaf roll and mosaic. In each of tlie fob 
lowing years, seed was obtained from the same Minnesota grower and com- 
j)ared with the locally propagated seed. Shortly after the retfognitioii of the 
Minnesota lot as a resistant tyi^e, it was discovered that several resistant 
strains were j)revalent in Maine. These strains have been grown in this State 
for many years. Hence, sncli strains were eornpared with the Minnesota lot, 
and the data are included in tables^2 and 3. While most of the seed used was 
harxested early, the test plots the In selves were not. 

TABLE 2.— Stem-end browning in 104d in Green Mountain potato .strains propa¬ 
gated in Maine for various periods 


Field 

Strain 
or lot 

Y'ears grown 
in Maine 

Stem end 
broAvninga 

lb 

Miimesota 

First year 

Per eeri t 

3.5 


Minnesota 

First year 

2.4 


Minnesota 

Second vear 

(i.7 


Keswick 

Many 

20.5 

2b 

Minnesota 

First year 

1.9 


Minnesota 

S(‘cond yi'ar 

5.8 


Keswick 

^Fanv 

18.5 

3c 

Minnesota 

First year 

20.7 


Minnesota 

Second year 

22.4 


Highmoor 

Ma ny 

1 oin 


Keswick 

Many 

54.3 

4c 

Minnesota 

First y(;ar 

7.5 


Minnesota 

Second y(*ar 

9.1. 


li iglunoor 

Many 

11.3 


Keswick 

Many 

27.8 

Average 

Minnesota 

First year 

7.2 


Minnesota 

S(‘cond year 

11.0 


Keswick 

Many 

30.3 


a After storage at 50'^ E. fer 100 days or more. 

Each figure for this fu*Jd is tin* average of 6 single row plots, each 29 feet long, 
Latin Square design. 

cEach figure for this field is the average of 8 single row x’h)ts, each 29 feet long, 
I^atin Square design. 

No great change in snscei)tibility occurred in four years^ time. Further¬ 
more, the figures for the Vermont, Highmoor, and Phillips strains are about 
the same as those for tlie Minnesota lot with the possible exc(q)tion of those 
for tlie year it was introdu(*ed. Since these strains have been grown in the 
State as long as or longer than the Keswick strain, it appears very probable 
that resistance to stem-end browning is a stable characteristic of those 
strains. The behavior of the Minnesota lot may be a little different. In most 
cases tubers of this lot Imd less stem-end browning the year of introduction 
than did subsequent crops. The differences obtained were usually small but 
they were consistent. This suggests that the tendency of this lot to produ(*e 
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stem-end browninjjr is increased slightly by propagation in Maine one or two 
years but that it does not increase after that. The level of susceptibility 
reached in that time aiipears to be identical with that of the Highmoor, Ver¬ 
mont, and Phillips strains. The data are insufficient to determine the cause 
of this change, although the data on the cage experiment (Table 1) suggest 
that an insect transmitted agent might be involA^ed. 

1943 Tuber Grafts. Eyeless plugs taken from tubers of the Keswick 
strain (No. 8 cork borer) were grafted into tubers of tlie Minnesota lot (holes 
cut with No. 7 cork borer). The holes Avere (*ut lengthwise of the tubers so 
that a longitudinal half could be used as a control. Twenty-seven of the 
grafted seed pieces together with the corresponding controls were planted 

TABLE 8.— Stem-end hrorening in Green Mouniain potato strains propagated in 
Maine for various periods 


Year 

Field 

Strain 

Years grown 
in Maine 

Stem-end 

browming“ 





Per cent 

1944 

5 

Minnesota 

First year 

8.1 



Miimesota 

Second year’^ 

12.2 



Minnesota 

Third year 

15.2 


() 

Minnesota 

First year 

8.7 



Highmoor 

Many 

6.9 



Vermont 

!Many 

9.7 


7 

Minnesota 

First year 

6.1 



Vermont 

Many 

7.5 



Phillips 

M any 

7.0 

1945 

S 

Minnesota 

First year 

7.2 



Minnesota 

Second year 

10.7 



Miniu'sota 

Fourth year 

10.6 



Highmoor 

Many 

9.1 



K(‘swick 

Many 

31.6 


9 

Minnesota 

Fourth year 

9.4 



Higlimoor 

Many 

9.9 



Keswick 

Many 

36.6 


After stornjrt* 50'" F. for 100 days or more. Each figure is the average of 5 single 
row plots, each 29 feet long, Ljitin Square design. 

>> The seed used for this sample was not harvested early hnt it was tuber indexed. 
All other seed was har\ t‘sted early. 

under a field cage. Seven were lost because of seed piece rot or virus disease. 
In digging, the units were kept separate. The tubers produced by nine of 
the grafted units developed more stem-end browning than did those of the 
corresponding Minnesota control (Table 4). The amount of disease in the 
tubers from all grafted units was intermediate between that in the two con¬ 
trols, corresponding with what would be expected with a 40 per cent take.” 
The nine units where a '‘take” was indicated gave fully as much stem-end 
browning as did the susceptible strain used for scions. These nine, as well 
as the corresponding controls Avere replanted in 1944. The tubers produced 

3 In view of other data presented, the assumption was made tliat in those cases where 
a ‘^take^’ occurred, the stock was free of the virus causing or favoring stem-end browming. 
Where no “ take^' occurred, the prestuice of a mild strain of the virus was assumt^d. 
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by of these were (Iiijj: and examined for stem-end browning*. All of the 
replanted grafted units gave higluu’ stem-end browning readings than did 
their eorresponding Minnesota controls, but in three eases the increase was 
small. The figures for the other five grafted units were almost as high as 
were those for the Keswick strain. 

Others of the tuber grafts made in 1943 were planted in an open field 
together with their corresponding controls. The units were not kept sepa¬ 
rate, hence the figures in table 5 are plot averages. The samples from the 
plots planted with the grafted seed pieces developed an amount of stem-end 
browning intermediate between tliat in samples from the two controls. One- 
third of the crop from each type Of seed was replanted in 1944, and again 
the stem-end browning content of the progeii}^ of the grafted seed pieces was 

TABLE 4.— 2'ransmission hy tuber grafU of a factor causiug iucrcaucd development 
of stem-end browning 


Data recorded 


Keswick 

control 


Grafted 


M iniiesota 
control 


A. No. of units dug, ]943 . 20 20 

B. Percentage stem end browning, 1943 21.8 12.6 

C. No. of units showing increase over Minne¬ 

sota control, 1943 . 9 

J). Percentage stem-end browning in C and cor¬ 
responding controls . 24.1 26.7 

E. No. replanted C units and controls dug, 1941 8 8 

P. Percentage stern-end browning in all units, 

1944 . 40.3 29.8 

G. No. replanted units showing some increase* 

over Minnesota control, 1944 . , . 8 

IT. No. replanted units showing very definite 

increase over Miniu'sota control . 5 

I. Percentage stem-end bi owning in IT and cor¬ 
responding controls . 43.3 36.1) 


4.7 

8 


8.3 


11.5 


iiiteiTiiediatc. In both years, the crop from the grafted units had aiiproxi- 
mateiy the amount of stem-(tnd browning that would be expected from a 25 
per cent ‘‘take/''* 

2944 Tuber Grafts, About 100 new tuber grafts were made in 1944. 
The average figure on stem-(uid browning for the entire group was no greater 
than that for the Minnesota controls. Only ten of the grafted units pro¬ 
duced tubers that developed as much stem-end browning as did those from 
the Keswick controls. The figures for 19 others were considerably higher 
than those for the Minnesota controls but less than those for the Keswick 
controls. Of these 29 units, 22 were free of net necrosis and were replanted 
in 1945, together with the corresponding controls. The progeny of only five 
of the grafted seed pieces contained an amount of stem-end browning similar 
to that in the progeny of the Keswick controls. These same five units were 
among those that had aliigh percentage of diseased tubers the previous year. 

4 Calculations from the 1943 data were made after making the assumptions outlined 
in footnote 3. All of the 1944 tubers were assumed to be infected with either a mild or 
a severe strain of the virus in question. 
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Hence, transmission of a factor favoring stem-end browning obtained in only 
about 5 per cent of the attempted grafts. 

1941 Inarch Orafts. In 1944, transmission was attempted by means of 
inarch grafting. Tubers from the Minnesota lot were planted by tuber units 
(4 seed pieces i)er tuber). Two of the hills were left as controls and the 
other two used for grafting. Tubers of the Keswick strain were planted in 
6-inch j)Ots and the plants left in the gi'eenhouse until used. When the field 
plants were 10 to 12 inches high, the Keswick plants were grafted to a stalk 
of tlie field-grown (Minnesota) plants by inarching. The field-grown hills 
were not trimmed to one stalk. Approximately 2 weeks later the stalk of 
the jiotted plant (Keswick) was severed below tlie graft. Several days later 
the i)lants were examined and only those where the Keswick scion remained 
green and turgid Avere marked for digging. Jn the year the grafts were 

TAIUjE 5.— Transuiiiiswn by iubrr grafts of a factor causing increased development 
of stem-end browning 


end browning 



1943b 

1944c 


Per cent 

Per cent 

A. Keswick strain . . 

38.6 

39.3 

B. Minnesota lot . 

6.9 

13.8 

C. Eyeless plug of A grafted into a seed piece of B 

15.4 

21.1 


A and B seed consist(*d of unused portions of the tubers that w(U'e used for grafting. 

Average of () single row jilots, each 20 feet long. Two Latin Scpiares. 

<• Averag(‘ of 6 single row jilots, each 20 feet long. Ijatin Square desigrj. A repre¬ 
sentative portion of tlie 1043 crop was used for seed. 

made, the grafted units produced tubers Avith three times as much stem-(md 
broAvning as Avas found in tubers from the corresponding ungrafted units 
(Table 6). The figures on distribution of diseased tubers in the units indi¬ 
cate that there was a large increase in approximately one-third of the grafted 
units. Jn fact, about tAvo-thirds of the grafted units showed some increase 
over their corres[)onding control, but in about half of these the increase Avas 
small. 

Those units free of net necrosis were reiilanted in 1945 to see if the 
a])parent increase was permanent. It appears that at least part of the in¬ 
crease was temporary, for the jirogeny of the grafted units produced only 
1.4 times as much stem-end broAvning as the corresponding controls. This, 
in itself, may not mean too much for it has been shoAvn tluit the relative 
amounts of stem-end broAvning in susceptible and resistant strains A^ary 
widely Avith environmental or seasonal factors (9). Of considerably more 
significance is the fact that many of the grafted units that had a high per¬ 
centage of stem-end browning in 1944 also had a high amount in 1945, as 
shoAvn by items H, I, and J in table 6. In item E, relative to replants from 
low stem-end broAvning units, the figure for the grafted units is but little 
larger than that for the controls, and the majority of the individual units 
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were low in stem-end brownin<j*- (items F and G). The figure for replants 
of grafted units that Jiad higli stem-end browning in 1944 was considerably 
higher than that for the controJs in 1945 (item H), and over 60 per cent of 
the units were high in stem-end browning (it(mis I and J). There was little 
tendemty for the eoiitrol units wliieh liad liigh stem-end browning the first 
year to be high in stem-end browning in 1945. The 1944 and 1945 data for 


TABLE 6. 

— Transinission hif intirch (jraf ting of a 

factor causing inert 

ased develop- 

mrnt of sleni end hroivning 






ii 

Cr; 

afted*^ 

Not grafted)’ 

Vcjir 

Item 

No. 

8t(*m-(md 

No. 

Stein end 




browning 


broAvning 




Per cent 


Pf r er„t 

1944< A. 

All iiuits .. . 

115 

30.7 

115 

1(>.0 

B. 

ITiits Avith U to 25 per cent 






simn I'ud browning . .. 

60 


100 


C. 

Units with over 25 per cent. 






steiu-eml browning . 

55 


15 


1945-1 1). 

All ri'plauts . 

60 

IS. 8 

42 

13.1 

E. 

Keplaiits of .1* units . 

21 

.15.9‘* 

5 i 

12.9 

F. 

B lephiiits with 0 to 15 per cent 






st(‘ui (;nd browning . 

15 


25 


G. 

B riiplants with ovm* 15 ])er c('ut 






sti'ui-eiid bioAViiiiig . 

Ji 


12 


H. 

K(‘pl{iiila of (' units . 

:;6 

21.U 

5 

IG.O 

I. 

C replants with 0 to 15 per emit 






st(Mii-(‘nd browning . 

.13 


4 


J. 

0 re]>lants with t)ver .15 per cent 






stem-(‘lid browning . .. 

O') 


1 


K. 

Total replants with n to 15 ])<:*»•* 






cent sitmi-end browning . 

26 


29 


L. 

Total re])iants with over lb ])er 






cent stem-(‘ijd browning . 

34 


13 


ft llcsisinut 

si rain used as stock and susceptible strain as scion. 


'» The ligar( 

;s in this coiiimn op]>ositc item.s .V 

and 1) 

are tor the 

]>vogen.y 

of seed pieces 

from tlu* s.iuic mother tubers as tie; grafted imils. 

Those opposite 

items E i 

and 11 are for 


tul)(*r lines (Lissifu'd Meeordiii^- to tlieir behavior in lU4d. In 11)44 the 4 nnits from one 
tuber were planted in a<ljoini]i^ IiiUs, and altcu-nate liills were f^rafted. In IDlo the 
f.rrogeny of ^j'afted ungnifttMi units from tlie same mother tuber were planted in 

adjacent rows. 

c Average of (i.M tidjers per unit. 

'^Average of 7(1.5 tubers unit. 

0 Tile controls originating from the same motlier tubers as tlie grafted units had 1-.4 
per cent stem end lu-o\vi]iiig. 

f The controls originating from the same mother tubers as the grafted units had 15.9 
pc:‘r cent st'uu end browning. 

the grafted units gave a coefficient of eorreJation barely short of significance 
at the 5 per cent level. This fact does not necessarily indicate lack of corre¬ 
lation, for the sample size in 1944 was small (6.3 tubers per unit) and it has 
been found that with a given type ol' strain the individual hills may vary 
in stem-end browning eoiiteiit from zero to 100 per cent. 

Since the grafted hills were not trimmed to one stalk, one would not 
necessarily expect the progeny of a successful graft to be fully as susceptible 
as the strain used as scion. This fact plus the fact tliat all units were not 
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replanted (because of leafroll infection) makes it difficult to estimate the 
per(^ontag’c of successful transmission, but in yieneral it appears that it would 
be of an order ol' magnitude of approximately 20 per cent. At least it is 
clear that in well over 50 per cent of tlie cases, no evidence of transmission 
could be detected. 

194;") Inarch Grafts. In 1945 the same tecliniqiie adopted the iirevious 
year ^vas used except that both ^»rafted and ungrafted units w^ere trimmed 
to one stalk. The Highmoor strain, in addition to tlie Minnesota, was used 
as stocks. The results are presented in table 7. Jn tlie case of the Minnesota 
lot, grai'ting resulted in an iii(*rease in the average amount of stern-end 
browning and this was acM'.omijanied Iry a shift toward a larger numlrer of 
Irills with Jiigh st(mi-end browning conttait. With the Highmoor strain the 
increase in stem-end browning was small and tlie slrift toward a higher num¬ 
ber of high stem-end browning hills was likewise small. Until replantings 
are made the sigJiificaiK'e of these results is in doubt but it seems likely that, 

TAliLK 7.-~Tr(ius))ns.'ii()n hi/ i)mr<4i uraffing of a factor caKsing iiicrvascil develop 
‘iii( )i( of sirtn-i nd hroindjiff. Kxpo'iincuts made in 


Stock 

Scion 

Av(‘r.Mgi‘ 

uumln'r 

tnl.K*rs 

Peieent- 
51 ge of 

St (‘mend 

NiimluT of units hfiving fol- 
lowing jtorcentages of 
stem end browning' 



])er hill 

krowning 

0 to 24 

25 to 49 

0\ or 50 

Miinicsoto 

Ecswick 

4.1 

1 


15 

16 

M iiiocsofa 

Not gi-nftod 

o.i\ 

Kkl 

42 

15 

7 

High moor 

Keswick 

:>.8 

25.5 

55 

26 

15 

.11 i^^hmour 

Not grnfted 


20.0 

45 

20 

13 


at least in the case of lire Minm'sota seed, some transmission of a factor favor¬ 
ing stem-(Mid Irrowning Avas accomplished. 

THbvr Inorutafion. Sevei’al attempts were made to transmit the suscepti¬ 
bility factor by inoculating seed pieces of the Minnesota lot. Several 
methods W(‘re tried, including transmission by the cutting knife, by rubbing 
the t wo types of seed piec(‘S together, and by dipping the seed piece into the 
gi'ound ])ul]) of stem-end browning tubers of the Kesw ick strain iollowed by 
bruising of the cut surl'a(*e by a dull knife. In no case did the progeny o1 
the inoculated seed pieces cU'velop more stem-end browning than did those 
of tire noninocidat(‘d pieces. Tlie tubers were replanted the lollowdng year 
but no evidence of transmission w^as obtained. 

Leaf InocAtlaiion. In 1943, cage-groAvn jilants of the Minnesota lot Avere 
ino(uilated Avitli juice of Keswick plants by the leaf mutilation method using 
carborundum. Only 8.4 per cent of the tubers produced by the inoculated 
plants developed stem-end browMiing while 4.3 per cent of those from non- 
inocidated controlsJiad the disease. This dilTerence was of doubtful signifi¬ 
cance as the numb(‘r of tub(*rs was only about 150; conseiiuently the entire 
ci-op w'as replanted in 1944 in Avell-replieated plots. Ten per cent of the 
progeny of the tubers from inoculated plants developed stein-end browuiing 
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as did 9.9 per cent of that from the controls, indicating no transmission of 
tlie factor increasing the amount of stem-end browning. Leaf inoculation 
to many other species failed to establish the presence of any virus other than 
latent virus in the Keswick strain. 

Stem-end Browning in Tubers Free of Latent Mosaic Virus { Virus X). 
A Oreeii Mountain seedling was obtained from Dr. E. S. Schultz and exam¬ 
ined for stem-end browning. Three tubers were found that had what ap¬ 
peared to be typical stem-end browning. Unfortunately there is no specific 
test for this disease, but tlie symptoms in these tubers were indistinguishable 
from stem-end browning in Gre&n Mountain tubers. These tubers were 
tested for latent virus both by inoculation to peppers and to Datura and by 
serologic^al methods. Portions of the tubers were planted in the greenhouse, 
and the plants so produced were tested for the presence of latent mosaic 
virus (virus X) both by inoculation and by serological methods. In all cases 
the results were negative. Parallel tests with Green Mountains that con¬ 
tained latent mosaic virus were uniformly positive. Consequently it wa-s 
concluded that stem-end browning can occur in the absence of latent virus 
and, hence, that this virus is not the cause of tlie disease. Further evidence 
in support of this (conclusion is the fact that the symptomatology on Turkish 
tobac(*o and Datura jilants of the latent mosaic virus obtained from the 
Minnesota lot was indistinguishable from that of the latcuit mosaii* A’irus 
from the Keswick strain. 

Other Characteristics of Resistant and Snseeptible Strains. Under some 
growing (conditions or at least on some fields in some seasons, the resistant 
strains, especially that from Miniu'sota, have certain growtli (characteristics 
that distinguish them fiom the susceptible or Keswick strain. The former 
are sometime^s taller, more erect, slightly lighter green; and their upper 
leaves arc slightly more cupped. Their appearance resembles, in general, 
that of giant hill Green Mountains. These characteristics are not always 
apparent and in some seasons it is not possible to distinguish betw(*en the 
two types. That, the resistant strains do not contain giant hill is indicated 
by the fa(tt that on the average they produce more tubers x>er unit yield tlian 
the Keswi(c.k strain. No other diff'erence lias been noted. The two ty})es of 
strains mature at about the same time and on the average yield e(|ually well. 
Botli are e(|ually suscei.)tible to leafroll infection and the develoi^ment of net 
necrosis. 

DISCUSSION 

From the data jiresented in this report it is suggested that tlie Keswick 
strain of Green Mountain xiotato contains a virus or virus strain not jiresent 
in the strains less subject to stem-end browning. The data are not sufficient 
to determine wliether or not a virus is the actual cause of the dis(?ase. If 
such is the case, then it would be necessary to ])()stulate the presence of differ¬ 
ent strains of the same virus in the two tyjies of stocks. There are several 
facts that strongly suggest that such is the case. In all of the inarcdi grafts 
rejiortetl, organic union between stock and scion took place, for after removal 
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of the root and lower stem of the plant used as scion, the portion above the 
graft remained green and succulent. Once organic union is established, 
virus transmission readily takes place in the case of most viruses. If a plant 
contains one strain of a virus it is usually immune from another strain of the 
same virus. If the transmission is attempted by grafting, however, j)rotec- 
tion may be incomplete (1, 8). Hence, the results obtained are consistent 
with the idea that some of the Minnesota tubers were free of the virus in 
question, that the remaining ones were infected with a mild strain of the 
virus, and that the Keswick strain of Green Mountains carried a virulent 
strain of the virus. The other data sui)i)ort this view. There was a small 
but consistent tendency for the Minnesota lot to increase in proclivity to 
stem-end browning development the first year after introduction into Maine. 
On the average, this increase was of the order of magnitude of 30 to 50 per 
cent (Tables 2 and 3), suggesting that this percentage of the tubers were 
virus free when introduced but became infected during the first season in 
Maine. These figures agree very well with the percentage of grafted units 
that gave evidence of the transmission of an agent causing increased develoi)- 
ment of stem-end brownijig. That the Minnesota lot was not entirely free 
of the (fausal agent is indicated by the presence of some stem-end browning 
in the croi) ])roduced under a cage. That it was partially infected is indi¬ 
cated by the fa(*t that the field-grown crop was 40 per cent higher in dis¬ 
eased tubers than Avas the cage-grown crop. The fact that the 30 to 50 per 
cent increase in stem-end broAvning usually noted after one season in Maine 
Avas delayed a second season Avhere the crop was produ(‘ed under a cage is of 
particular interest. A plausible exi)lanation is that this increase is due to 
the transmission of a mild strain of the virus to 30 to 50 per cent of the units 
and tliat such transmission is j)revented by exedusion of insects. The failure 
of tlie more virulent virus strain to spread to neAvly-introduced, virus-free 
potatoes is not necessarily in disagreement, for there are knoAvn cases Avhere 
different strains oi* the same virus have different specific insect vectors 
( 2 , 10 ). 

SUM MARA^ 

A Green Mountain potato strain that normally producies a crop in Avhich 
only a fcAv tubers are affeeded with stem-end broAvning was made much more 
subject to development of the disease, by tuber grafting and by inarch graft¬ 
ing. Tul)ers or plants of another strain, the tubers of Avhich are highly pre- 
dis])osed to the disease, Avere used as scion material. The increased tendency 
toAvard stem-end-browning deA^elopment Avas apparent not ordy the year the 
grafts Avere made but also in the progeny of the tubers produced hy the 
grafted plants or seed pieces. Transmission Avas not obtained in all cases 
where organic union of the grafted plants occurred, nor was it obtained by 
mechanical inoculation methods. The tubers of a lot from another state 
became slightly more prone to the development of stem-end browning during 
the first year or two in Maine under field conditions but not wlien cage- 
grown. Otherwise tlie two types of Green Mountain strains are stable in 
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that there is no change from year to year in the relative amounts of stem-end 
browning developed in the crops of each. 

The data are interpreted .as indicative of the presence of a virus or virus 
strain in those lots highly subject to the disease and the absence of such a 
virus or virus strain in the other type. The hy])othesis is advanced that a 
virus is the cause of stem-end broAVJiijig and that different strains of tlie 
virus account for the difference in potentiality i'oi* st(‘m-end-browning devel¬ 
opment evident in different eoiumercial strains of the Green Mountain potato 
variety. 

Maine AoHuan/ruRAL ExpkrimI:xt Station, 

Orono, Maine. 
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HEMP SEED TREATMENTS IN RELATION TO DIPPERENT 
DOSAGES AND CONDITIONS OP STORAGE 

B E N .T A Af J N K O E n I. E li 1 
(Accepted for publication July 22, 10lO) 

Striking benefits in stand from the treatment of hemp seed were reported 
by Ib)l)iiison.“ Tiiis was a (?oop(n-ative enterprise participated in by four 
state experiment stations and the U. S. Dei)artment of Agricnltnre, and was 
stimulated by the war needs for liem]). It seemed desirable that more be 
known about tlie effieaey of tlie more promising disinfectants, most effective 
rate of application, ami the result when treated seed is stored for some time 
before planting. Although war needs are past, hemp lias been and no doubt 
will continue to be grown in peace time. Purthermore, the results are of 
interest with regard to the treatment of seed in general. 

MATERIALS AND METHODS 

Hemp st‘ed, (Unimthis saiiva, was obtained from Kentucky through the 
Hemp Division of the Commodity Credit Coriioration, TJ. S. Department of 
Agriculture. A sliipment of seed of the 1942 crop Iiad a moisture content 
of 9,4 j)er (‘cnt whi(*h is unusually high for liernp. The germination on the 
se(‘d iniormation tag was given as 90 per cent. The seed mtis thoroughly 
mixed, and as hemp seed beciomes very dusty from handling, the seed was 
recleaned witli a fanning mill. Part of the seed was adjusted to a higher 
moisture, and the treatments AV(*re made a week later. Germination tests of 
the same s(‘ed lots wtu'c made 1 day, 2 montlis, and 7 months atter treating 
wit h tlie disinfectants and dosages at tiie tem])eratiires and moisture eontcmts 
given in table 1. Another set eoritaining 14.3 per cent moisture was stored 
at 70° P., blit this became badly molded and was dead after 3 months, and 
thereJ'ore, tliosc^ data are omitted. Seed of the 1943 crop 1‘rom the same 
source bad a moisture content of 7.6 per cent and was rated as 90 per cent 
germination on the seed information tag. Again part o(‘ the seed was modu¬ 
lated to a higher moisture content, and germination of the treated seed was 
tested after 1 da>% 3 montlis, and 7 months storage at the temperatures and 
moisture eonteuts given in table 2. 

The moisture (*ontent of ])art of the seed was raised by adding water to 
the seed in a container tliat could be sealed, and tlien mixing well by sliakiiig 
it once (^very day for a Aveek. Treatments Avere made* by tumbling a pint of 
seed Avith the disinfectant in a cpiart jar by means of a maeliine. Three 
commercial seed disinfectants Avere used: Arasaii (50 per cent tetrametliyl 
thinramdisnlpbide), Ncav Improved Ceresan (5 ])er cent etliyl mercury phos- 
pliate), and Stiergou (98 per cent tetraehloro parabenzoquinoiie). Each one 
Avas used at 2 or 3 dosages, as shown in tables 1 and 2, After treatment, the 

1 Chief in Crop Pjitliology, Illinois Agricultural Experiment Station. 

2 Robinson, Brittain B. * Greeiihoiise seed treatment studies on hemp. Jour. Amer. 

Soc.' Agron. 35: 911-914. :194;L 
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seed was stored in sealed pint jars filled nearly full. In this manner it was 
possible to keep the moisture constant. A recheck of the moisture content 
after 7 months^ storage showed that the moistures were about the same as at 
the beginning except in the ease of the moldy seed, in which moisture had 
risen from 14.3 to 14.6 per cent. 


TABLE 1.*—6V’r?«i7?Yit/;o« of hemp seed of two moisture contents after treating with 
three seed disinfectants and storing at 3^ and 70^" F. Experiment 1, IJrbana, JUinois^ 
1943 


/>. • Seed diainffl'c* 

Storage Gram , , . 

temperature moistures "treating 

Rate of 
appli¬ 
cation 

Time of planting after treatment 

1 day 

3 mo. 

7 nio. 

Pet, 

Oz./Bu. 

Pet, 

Pet. 

Pci, 

32^ F. 9.4 None 


57.0 

49.3 

29.5 

Arasan 

0.5 

fi9.fi 

64.0 

47.3 

Do 

1 

(>8.0 

64.3 

50.8 

Do 

2 

70.(! 

()0.0 

55.0 

N.I. Ceresan 

0.5 

73.3 

57.5 

52.3 

Do 

1 

7fi.5 

65.8 

03.0 

Do 

2 

78.fi 

70.5 

63.0 

Spergon 

1.5 

7:i.fi 

fio.o 

50.3 

Do 

3 

72.7 

65.S 

60.5 

Least Significant Difference (5 j)er cent level) . 

10.5 

9.0 

12.1 

32^ F. 14.3 None 


50. H 

45.3 

33.3 

Arasan 

0.5 

fi5.7 

60.8 

32.0 

Do 

1' 

72.0 

6(<.5 

44.0 

Do 

2 

73.5 

() 1.5 

47.8 

N.I. Ceresan 

0.5 

72.7 

74.5 

70.8 

Do 

1 

77.3 

53.8 

43.3 

Do 

o 

77.2 

49.5 

36.0 

Si)ergon 

1.5 

08.3 

49.8 

52.3 

Do 

3 

69.4 

52.0 

49.8 

Least Significant Difference . . 


9.7 

i0.fi 

9.9 

70'' F. 9.4 None 


56.3 

43.8 

9.9 

Ara.san 

0.5 

67.9 

58.8 

24.3 

Do 

1 

69.5 

53.0 

24.0 

Do 

2 

71.1 

57.3 

27.8 

N.I. (leresjiu 

0.5 

69.0 

52.8 

37.8 

Do 

1 . 

78.4 

57.8 

48.8 

Do 

o 

75.2 

57.0 

51.8 

Sj)ergon 

1.5 

70.9 

45.5 

33.0 

Do 

3 

73.1 

51.5 

34.3 

Leas! Significant Difference. 


12.7 

' 10.3 

9.4 


The tests were made in greenhouse benches filled with dark colored soil 
brought from the University Farm. The greenhouse w^as kept at 65° to 
70° P., as far as possible, but occasionally the temperatures went higher. 
The experiments were timed so that no tests were made during the hot sum¬ 
mer months. Each test consisted of 4 to 6 randomized replications of 100 
kernel for each item. 
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TABLE 2.— Gcrmmation of hemp need of two moisture contents after treating with 
three seed disinfectants and storing at 70° and 90° F. Experiment 2, Vrhana, Illinois, 
1944 


storage Grain Seed disinfec- 

temperature moisture ^tre'aTing**^ 

Rate of 
appli¬ 
cation 

Time of planting after treatment 

1 day 3 mo. 7 mo. 

Pet. 

Os./Bu. 

Pet. 

Pet. 

Pet. 

70° F. 7.6 None 


72.7 

69.8 

65.7 

Arasaii 

0.5 

91.0 

89.0 

85.3 

Do 

1 

93.3 

90.0 

88.2 

Do 

2 

92.0 

90.5 

89.7 

N.I. Ceresaii 

0.5 

93.3 

88.5 

86.3 

Do 

1 

92.2 

91.0 

88.5 

Do 

2 

94.5 

90.3 

86.8 

Spergon 

1.5 

84.5 

84.3 

80.7 

Do 

3 

85.7 

83.0 

84.0 

Least Significant Difference (5 per cx‘nt level) 


7.5 

9.1 

9.5 

70'^ F. 10.1 None 


67.0 

61.0 

47.2 

Arasan 

0.5 

81.8 

77.5 

59.8 

Do 

1 

86.0 

79.0 

64.0 

Do 

2 

90.2 

79.3 

61.0 

N.T. Ceresan 

0.5 

89.8 

78.5 

72.8 

Do 

1 

92.8 

71.5 

69.7 

Do 

2 

93.5 

63.8 

34.0 

Spergon 

1.5 

74.5 

74.8 

64.5 

Do 

3 

73.3 

70.8 

62.5 

Least Significant Difference . 


. 10.3 

9.2 

9.5 

90^'F. 7.6 None 


72.7 

65.3 

50.5 

Arasan 

0.5 

91.0 

86.5 

63.8 

Do 

1 

93.3 

85.8 

67.0 

Do 

o 

92.0 

87.5 

73.8 

N.I, Ceresan 

0.5 

93.3 

87.5 

81.5 

Do 

1 

92.2 

87.3 

79.7 

Do 

•> 

94.5 

85.5 

77.7 

STXTgon 

1.5 

84.5 

83.5 

65.2 

Do 

3 

85.7 

85.3 

66.0 

Least Signilicant Difference . 


7.5 

6,8 

10.5 

90 ’ F. 10.1 None 


67.0 

43.5 

0 

Arasan 

0.5 

81.8 

55.3 

0 

Do 

1 

86.0 

52.0 

0 

Do 

»> 

90.2 

59.5 

0 

N.I. Ceresan 

0.5 

89.8 

66.8 

0 

Do 

1 

92.8 

67.0 

0 

Do 

o 

93.5 

33.8 

0 

Spergon 

1.5 

74.5 

50.0 

0 

Do 

3 

73.3 

53.0 

0 

Least Significant Difference 


10.3 

12.4 



RESULTS 

Striking increases in stand from treatment were obtained in both years 
with the three disinfectants used. This was due primarily to the preven- 
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tion of pre-einerg’en(*e seedlinj^ blight. Some damping-off occurred also, but 
110 significant differences were caused by seed treatment. 

Seed Dc tcrioration 

The seed deteriorated very much in viability during 7 months^ storage, 
especially" that used in Experiment 1, which was low in vitality at the start. 
Seed deteriorated even wlien stored at 32*^ F. At this low temperature, the 
seed moisture, whether 9.4 or 14.3 per cent, made no apparent difiprence. 
In both cases the stand from the nontreated seed was reduced approximately 
half after 7 months’ storage. A\|ien considering the average 3‘esults from 
tlie use of tlie three seed disinfectants, at the most favorable dosage of each, 
the stand from treated seed was considerably higher than for the nontreated 
seed at the start; and after 7 months’ storage the rtMluction in stand with 
treated seed was approximately 20 per cent. 

When the seed was stored at 70^ F. (Ex]>eriment 1), and the grain mois¬ 
ture Avas 9.4 per cent, deterioration in vitality Avas mucli more rapid than 
at 32^ F. The reduction in stand in 7 months’ storage time Avas 82 per cent 
Avlien nontreated seed Avas used. In the case of treated st‘ed, there Avas an 
average reduction of 48 per cent. When the grain moisture was 14.3 per 
cent, at 70° F. tlm grain Avas dead after 3 months and more or less moldy in 
spite of the treatments with disinfectants. 

In Experiment 2, the grain moistures were lower, and one of the storage 
temperatures was higher than in Experiment 1. Initial germination was 
somewhat better, and deterioration in vitality Avas not so extreme in 7 
months’ time. In Experiment 2, AAdiieh iiiA^olved storage temperatures of 
70° and 90° F. and grahi moistures of 7.6 and 10.1 ])er cent, deterioration 
Avas least at tlie lowest temperature and moisture, and became gr(‘ater witli 
rise of eithei* temperature or moisture. At the highest temjierature and 
moisture, the seed germinated poorly after 3 months and Avas dead after 
7 months’ storage*. Again, the loAver the vitality of the seed, the more the 
stand was benefited by seed treatment. 

Dosage 

The only damage from too high a dosage occurred with New Improved 
Ceresan Avlien vised with seed at the higher moistures. This Avas true in 
Experiment 1 with grain moisture of 14,3 per cent, even thoiigii the storage 
temperature Avas only 32° F., and in Exiierimeiit 2 Avith ^rain moisture at 
10.1 per cent and storage at 70° and 90° F. The injury Avas pronouneed 
after 3 months’ storage and Avorse after 7 months. The use of only J oz. per 
bushel of New Improved Ceresan caused no injui’y under any of the experi¬ 
mental conditions. However, Avith seed having only 7.6 and 9.4 per cent 
moisture, the higher rates, for the most part, gave the best protection. 

Arasan used at .J, 1, and 2 oz. per bushel ga\'e, in general, progressively 
better jiroteetion as the dosage was increased, irrespective of the temperature 
or grain moisture during storage. Spergon also had a tendency to give 
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better results when used at 3 ox. per bushel than when used at 14 oz., irre¬ 
spective of temperature or moisture. 

If one keeps in mind the possibility of dama”:e from a high dosage of 
New Improved Ceresan under some conditions, 1 oz. per bushel appears to 
be a good recommendation. Arasan was used to best advantage at 2 oz. per 
bushel. Spergon shoidd probably be rec^oinmended at about 2 oz. per bushel. 
From the data in both experiments, New Improved Ceresan appeared to be 
most effective, Arasan second, and Spergon third. The differences, however, 
were not great and all of tlie treatments were beneficial. 

DISCUSSION 

The cost of hemp seed is much higher than that of the small grains, and 
the seeding rate in bushels jier acre is about the same as for wheat. There¬ 
fore, the saving of seed, through obtaining better stands, is a very important 



B STAND from untreated SEED 
^ADDITIONAL STAND FROM SEED TREATMENT 


Fig. ]. Germinal ion percentages ot* two lots of hemp se4>d when treated seed was 
held at several different moistures and temperatures for 0, 3, and 7 months before plant¬ 
ing. Djita are tin’ averages for Arasan, New Improved Ceresan, and Spergon, used at 
the most favorable dosage. 

consideration. If the I j bushel-pcr-acrc rate ordinarily used is satisfactory, 
then one bnslicl of treated seed should give at least as good stands according 
to these exjieriments. On tlie other hand, seed may be poor in vitality, un¬ 
known to the farmer, and if seed treatment is not used the poor stands 
obtained will i-esult in coarse stalks which make a pooi* grade of fiber. 

The black bars in figure 1 show graphically the drop in vitality as the 
seed ages. The planting after 3 months’ storage was made in spring at 
approximately normal planting time, while the 7 months’ storage lots were 
planted in September. None of the seed was stored long enough to be 
equivalent to seed carried over to the following year. The cross-hatehed 
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part of the bars shows also that seed with poorest vitality benefited most 
from seed treatment. Therefore, seed caried over for an additional year 
would seem to be in special need of protection by a fungicide. 

Of general interest for seed treatment knowledge of farm crops is the 
corroboration of existing fragmentary information that doses of Arasan, 
higher than ordinarily recommended, probably up to the amount that will 
stick to the seed appear to be harmless to seed vitality. With Ceresan, on 
the other hand, there is danger from an overdosage, and this is influenced 
to a considerable extent by the moisture content of the seed treated. 

STTlJl MARY 

Two seed lots of hemp were treated with Arasan and New Improved 
Ceresan at the rates of 1, 1, and 2 oz. per bushel, and with Spergon at 1| and 
3 oz. per bushel. 

Grain moistures of 9.4 and 14.3 per cent and storage temperatures of 32° 
and 70° F. were used in 1943, and moistures of 7.6 and 10.1 i>er cent and 
storage temperatures of 70° and 90° F. were used in 1944. Storage j^eriods 
from the time of treating until planting were 1 day, 3 montlis, and 7 months. 

Seed vitality deteriorated rapidly in storage, even at 32° F. At 32° F. 
the differences in seed moisture had no apparent effect, but at higher tem¬ 
peratures, seed with the most moisture deteriorated most rapidly. 

All three seed disinfectants produced striking increases in stand; the 
poorer the vitality of the seed, the greater the benefit, up to 400 per cent 
increase over the nontreated seed. 

The maximum rate of application of Arasan and Spergon gave better 
average results than lower rates, and tlnue was no indication of injury to 
seed vitality at any of the seed moistures or storage temperatures used. New 
Improved Ceresan, on the other hand, caused considerable injury wdien used 
at 2 oz. per bushel on seed that contained 10.1 or 14.3 per cent moisture and 
when such treated seed was stored for 3 or 7 months at 32° to 90° F. With 
grain moistures of 7.6 aiid 9.4 per cent, there was no apparent clamage, and 
2 oz. per bushel gave the best average stand. 

From these experiments it would appear that for treating hemp seed. 
New Improved Ceresan should be recommended at the rate of about 1 oz. per 
bushel, while Arasan and Spergon should be used at about 2 oz. per bushel. 

Agricttltural Experiment Station, 

Urbana, Illinois. 



BACTERIAL SPOT OP HONEYDEW MELON 


M . A . S M 1 T ii 1 
(Accepted for publication August 1, 1946) 

Honeydew melons {Cucumis melo L. var. inodorm Naud.) bearing 
numerous water-soaked spots were first observed by G. B. Ramsey in a ship¬ 
ment from Colorado in September, 1940. Although cultures from these 
spots yielded bacteria in most instances, no attempts were made to identify 
the organisms. 

On September 21,1944, the Food Products Inspection Service at Chicago, 
Illinois, reported that in one carlot of honeydew melons from Colorado, 40 
jnn* cent bore sunken, water-soaked spots affecting from 10 to 75 per cent 
of the surface of tlie melons. Examination in the laboratory showed the 
diseased areas to be slightly sunken, circular to oblong, water-soaked, green¬ 
ish-tan, and 2 to (i mm. in diameter. On some melons the lesions had so 
coalesced that individual spots were indistinguishable (Fig. 1, A). Such 
areas were brown to black. Paraffin sections made from sunken, water- 
soaked lesions showed that the bacteria had entered the fruit through sto¬ 
mata and were between the parenchyma cells beneath (Fig. 1, B and C).^ 

Pure cultures were readily obtained by the dilution-plate and tissue- 
plant methods. Preliminary studies showed the organism to be motile by 
one to three polar flagella, rod-shaped with rounded ends, and Gram-nega¬ 
tive. When it was grown in beef-extract agar and in asparagin agar, an 
abundant green-fluorescent pigment was produced. The same disease was 
again observed in August, 1945, on honeydew melons from Colorado and 
Arizona. Pure cultures obtained from these melons were identical in their 
biochemical and physiological reactions with those obtained in the 1944 
isolations. 

Tliere is no mention in the literature of a similar disease of honeydew 
melon or even of the common muskmelon (Guemnis mclo L.). 

Carsner (4) in studies on the angular leaf spot of cucumbers was unable 
to obtain infection on 11 varieties of muskmelon from field or greenhouse 
inoculations witli rscudomonas lachryniam (E. P. Sm. and Bryan) Perr. 
Anderson and Tliornberry (2) report having observed a severe outbreak of 
angular leaf spot of cucurbits in Michigan in 1938 on seed cucumbers and a 
bacterial spot of pumpkin, squash, cantaloupe, ami watermelon that closely 
resembled the angular leaf spot of cucumbers. 

The physiological react ions of one of the white isolates (species undeter¬ 
mined) which Anderson and Tliornberry obtained from cucumbers’^ that 

1 Associate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis¬ 
tration, United States Department of Agriculture. In cooperation with Departnient of 
Botany, University of C^neago. 

2 Acknowledgment is made of the assistance of Barbara (\ Heiberg who prepared the 
slides from which the photomicrographs were madt‘. 

Data kindly supplied the writer by H. H. ThornV>eri\v. 
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were infected with a disease resembliiijr angular leaf s|)ot were compared 
with a number of isolates that the writer consistently obtained from diseased 



Fig. 1. A. Bacterijii infection of lionevdew melon. 15. Cross section through t‘|)i- 
dermis of honeydcw melon showing a normal stoma. 225 x. C. Crosf} section through 
epidermis of diseased honeydew nudon. Bacteria have (*ntered through a storna and are 
in tissues beneath. 210 x, 1). Infciction of honc^alew leaf by spray inoculation with 
hojieydew isolate. E. Infection of cucumbcT leaf by spiay iiioculatiou with honeydew 
isolate. F. Infection of honeydew leaf 5 days after wound inoculation with rscudo- 
mmias lachrymans. G. Infection of cucuml)er leaf 12 days after spray inoculation witli 
Pseudomonas lachrymans. 

lioneydev; melons. The results of the tests indicated tliat their isolate from 
cucumbers was distinct from the w'riter’s melon isolates. 

In the studies herein <leseribed, morphological and cultural character- 



1946] 


Smith: Bacterial Spot of Melon 


945 


istics, biochemical reactions, and pathogenicity of a number of hoiieydew 
isolates were deteriiiiiied. Tlie organisms were isolated in pure culture by 
the dilution plate method. Cultures were maintained in beef-extract agar 
(pH 6.8). Single colony isolations from cultures purified by the dilution- 
plate method w^ere used in the studies. Six isolates from diseased honeydew 
melons were used in the morphological and biochemical studies. In all cases 
the tests were run in duplicate. Two authentic cultures of Pscvdomonas 
lachrymans furnished by the American Type Culture Collection and four 
cultures of Pseudomonas lacliryninns from cucumbers from a carlot ship¬ 
ment on the local market were included in tlie study for comparison. 

MORPHOLOGY AND STAINING REACTIONS 

Meikods. For determination of form and size ‘‘negative’^ jireparations 
from smears of the various honeydew and Pseudomonas lachrymans isolates 
from beef-extract agar were made with one })er cent nigrosine. Fisher and 
Conn\s (5) flagella stain was used to determine the number and position of 
flagella. Gram reaction was determined according to Hiicker and Conn’s 
(6) modification of Gram’s stain. Ziehl-Nielsen’s method was employed for 
acid fast properties. Tlie Antliony (1) method of capsule staining was 
enijiloyed. 

Morphological characters. The honeydew melon isolates are rods with 
rounded ends, occurring singly. Neither capsules nor spores were demon¬ 
strated. The cells measure 1.4 to 3.0 by 0.65 to 1.5 microns. They are 
readily stained by carbol fuchsin and crystal violet. The organisms are 
actively motile by one to three polar flagella, generally at one end. They are 
Graiii-n(gati\'{» and not acid fast. In their morphological chhracteristies 
Pseudomonas lachrymans and the honeydew^ isolates are indistinguishable. 

CULTURAL CHARACTERISTICS 

Gro^vtll of tlie honeydew melon organisms and Pseudomonas lachrymans 
on beef-extract agar slants (pH 6.9) is wdiite, flat, and butyrous, the medium 
becoming greened after three days. On beef-extract dilution plates after 
six days the colonies are white, slightly raised, circular, transparent, surface 
smooth, edges irregular. On potato-dextrose agar (pH 6.9) growTli is 
slightly raised, filiform, wliite, and butyrous. Growdh in nutrient broth 
(pH 6.9) is turbid after 24 hours, be(*oming greened after 48 hours. On 
asiiaragin medium ( pll ().8) growth after four daA S is white, flat, and buty¬ 
rous. The medium is greened. Brom-cresol-pnrple milk becomes bluish 
purple and alkaliiu* after 10 days, but no curd is formed. Growth of the 
honeydew’ organisms and of Pseudomonas lachrymans in ])laiii gelatin stabs 
is evident in three days. Grow’th is first crateriform, later becoming strati¬ 
form. Liquefaidion is complete in 21 days. 

IIIOCHEMICAL REACTIONS 

Relation to free oxygen. When grown in Smith fiTinentation tubes 
growth is evident first in the o})en arms and later progresses to tlie domes 
indicating tliat the organism is a facultative anaerobe. There is no gas. 
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Nitrate reduction. The alpha-naphtliylamhio-sulfaailie acid test was 
employed on 1-, 2-, 5-, 7-, 10-, and 14-day-old cultures of the different isolates. 
The organism Escherichia coU wa.s used as a control. Nitrate reduction did 
not occur in any of the lioneydew or Pseudomonas lachrymans cultures. 

Indole production. The yarions isolates growinjr in Bacto-tryptophane 
broth (pH 6.8) were tested by the Kovaes method (7) for indole production 
at the end of 7, 14, and 21 days. No positive reaction was ol)tained with 
any of the isolates. When Escherichia cedi 'was used as a control organism 
a positive test for indole was obtained. 

Ammonia production. Strips M filter paper saturated witli a freshly 
pi’epared Nessler’s solution were hunjr over 36- and 48-hour-()ld beef extract 
broth cultures of tlie various isolates. A positive test for jmimonia w^as 
obtained. 

Hydrogen sulphide. Strips of lead acetate paper failed to turn black 
w4ieii hiiuf? over beef-extract broth cultures of the various isolates, indicating? 
that no liydroj^en siilpliide \vas beinj? formed. Escherichia coli used as a 
control organism gave a positive test for hydrogen sulphide. 

Hydrolysis of starch. Streak inoculations were made in beef-extract 
agar containing 0.2 per cent soluble standi. After five days, the siirfa(‘es of 
the i)lates ^vere flooded witli a saturated solution of iodine in’’50 per cent 
alcohol. None sliow'ed any clear zom* outside the area of grow'th indi(?ating 
that no diastatic action had occurred. 

The results of the cultural and biochemical tests wdth the honeydew 
organism and Pseudomonas lachrymans indicate that they are identical. 

CARBON METABOLISM 

Nine isolat(\s from diseased honeydew melons and two isolates of Pseudo¬ 
monas lachrymans were included in the studies of carbon metabolism. All 
tests were run in duplicate. Sugars, alcohols, and glucosides were added to 
the modified synthetic medium of Ayres, Kui)p, and Johnson (3) as recom- 
niended in the Manual of Methods of Pure Culture Study of Bacteria issued 
by the Society of American Bacteriologists (8). Tlio basal medium was 
adjusted to pH 7.0 and sterilized by autoclaving at 15 pounds pressure for 
15 minutes. Brom cresol purple at a concentratioji of 0.02 per cent wtis 
added as an indicator. One per cent of some one of the sugars was added 
to the liquid basal medium before use for culturing. In order to avoid 
breaking down of the sugars during sterilization, lactose, leyulose, maltose, 
rafiinose, and sucrose were sterilized by filtrat ion througli a Berkefeld filter. 
Tw^enty-seven carbon sources were used. Inoculations were made in dupli¬ 
cate. Cultures were incubated at 27° C. Color change from purple to 
yellow was considered the indication of fermentation. Final readings were 
made at the end of 21 days. Organhi acid media were jirepared according 
to the Ayres-Rupp-Johnson method (3) except that 0.11 per cent acid was 
used, Brom thymol blue was used as an indicator. The criterion for fer¬ 
mentation was the presence of growth as indicated by turbidity and an 
increase in alkalinity. 
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The honey dew melon isolates and Psendomonas lachrymans cultures util¬ 
ized arabinose, xylose, sii(*rose, dextrose, levulose, galactose, mannose, and 
sorbitol. Rhamnose, maltose, lactose, trehalose, raffinose, melezitose, melibi- 
ose, cellibiose, starch, inulin, dextrin, glycogen, inositol, glycerol, dulcitol, 
erythritol, salicin, esculin, and arbiitin Avere not fermented. 

The honeydew melon isolates averaged more rapid fermentation of the 
carbohydrates than the Pseudomonas Lachrymans cultures, but as has been 
stated, the final reactions of all the isolates were the same. The honeydew 
melon and Pseudomonas lachrymans isolates utilized malic, citric, and suc¬ 
cinic acids but not acetic, lactic, formic, or tartaric acid. It appears from 
the foregoing that there are no significant differences in the carbon metabo¬ 
lism of the honeydew melon organism and Pseudomonas lachrymans and that 
they should be considered identical. 

PATHOGENICITY 

Three mature honeydew melons and 4 cucumber fruits were inoculated 
by needle j)uncture witli 24-liour-old cultures from infected honeydew 
melons. Infection, as evidenced by Avater-soaked areas around needle piUKv 
tures, Avas first observed on each of the honeydeAv melons 5 days after inocu¬ 
lation and on cucimib(‘rs 8 days after inoculation. After 11 days the in- 
f(‘cted areas on the honeydew melons Avere slightly sunken but there Avas no 
a|)i>re(‘ial)le ('}iang(‘ in color. On cucumber, 11 days after inoculation, in¬ 
fected areas were slightly Avater-soaked and yellowish. Control melons and 
(Muminbers inoculated by sterile needle punctures remained free of the dis¬ 
ease. The oi*ganism was readily recovered in pui*e culture from the infected 
areas and these reisolates Avere used in further inoevdation experiments. 

In another exi)criment 2 mature honeydew melons and 4 mature cucum¬ 
bers obtained on the hxud market Avere inoculated by spraA’ing the uninpired 
surfaces with h water sns|)eiision of a 24-hour-old culture of one of the honey- 
dcAV isolat(‘s. The iUKMimbers and melons Avere observed for 15 days. No 
infection was ap])arent during that time. A 24-hour-old cultiu^ of Pseudo¬ 
monas lachrymans was used in spraying the uninjured surfaces of 2 honey- 
dcAV melons and 4 mature cuenmbers. No infection was apparent 15 days 
later. Uninjured melons and cucumbers inoculated Avith sterile Avater re¬ 
mained free of the disease. 

Tavo mature lioneydcAv melons and U cvieumber fruits Avere inoculated 
by needle puncture with a 24-liour-old culture of Pseudomonas lachrymans. 
Infection of cucumbers Avas first observed 9 days after inoculation. After 
15 days the infected area was very slightly sunken and light yelloAV. Infec¬ 
tion of honeydcAV melons Avas noted 8 days after inoculation. After 15 days 
the infected area Avas sunken and yelloAvish-broAvn. Tieisolations from in¬ 
fected honeydew melons and cucumbers Avere reaxlily made. Control melons 
and cucumbers inoculated by sterile needle puncture remained free of the 
disease. 

In greenhouse inoculations one series of 6 young honeydew melon and 
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6 ciieiimber plants in j)Ots were sprayed with a suspension of a 

24-lioiir-oJd eidtiire of one of the honeydew isolates. A second series of 6 
melons and 6 encumber plants was sprayed with a suspension of a 24-hour- 
old culture of I^seuikmumns laclirymans. After inoculation the plants were 
placed under bell jars for 24 hours after which they were returned to the 
greenhouse bench and held at 21° C. Infection was evident within 72 hours 
on foliage of the melon and cucumber plants inoculated with either the 
honeydew isolate or Pseudomonas lachrymans. Six days after inoculation 
the melon foliage inoculated with the honeydew isolate was so heavily in¬ 
fected that many lesions had coalesced (Pijj:. 1, D). Infection of cinnimber 
leaves, inoculated with the honeydew organism or with Psvudonwnas lachry- 
mans, was moderate at the end of three days and showed considerable further 
sf)]*ead at the end of six days though it was not so sev(‘re as on the melon 
])lants. At tills sta^e the lesions varied from mere dots to areas I to 2 mm. 
in diarnetiu* on eacli host when either the honeydinv organism or Pseudo¬ 
monas lackrymans was used (Pig. 1, P and G). Some of the lesions were 
more or less irregular and water-soakt‘d. When dried, infeeded leaves were 
examined, the infected areas ai)i)eared (dialky. The causal organisms Avere 
reisolated by plating IToni tliese lesions. 

Ill another experiment 10 lioneydew melon and 10 ciu'umber ]>lants were 
used for wound inoculations. Pour each of the melon and cvKuimber ])lants 
were inoculated by needle jiunctiires into leaves, iietioles, and stems Avith 
24-hour-old agar slant cultures of Pscudonunots lacJirymans and one of the 
honeydcAA' isolates. Two of the melons and tAvo of the (‘ucnmbers injured 
Avitli a st(‘rile needle, s(*rve(l as <*ontrols. Infection was evident Avitliin 18 
hours on foliage of the m^dons and cucumbers inoculated by needle punc¬ 
tures with either the melon isolate or Pseudomonas laekrymans (Pig. 1, E). 
Petiole and stem in fed ions Avere apiiarent 4 days after inoculation. Wilting 
was obstu'ved with both hosts but AA^as much more rapid in the hone.vdt'AV 
melon plants inoculated with the honeydew melon isolate. Melon find 
(oieumber plants injured by sterile needle punctures rcriniined free of the 
disease. 

The foregoing inocuhition tests shoAV that the honeydcAV melon isolates 
and Pscnielomonas lacdirymcins are pathogenic to fruits of hontydew melon 
and cncuiiiber Avhmi needle ])uncture inoculations are made and to honeydew 
melon ami (oicumber plants inoculated by s|)rav ing with fi })act(‘rial suspen¬ 
sion or witli Avounding. Because of the pathogenic similarity it is concluded 
tliat the melon organism should be considered identical Avith Pseudomonas 
ladirymans. 

SUMMARY 

A hitherto unreported bacterial disease of lioneydew melons is described. 
A comparison of the morphological charact(*risti(‘s of the isolates from dis¬ 
eased honeydeAV melons Avith Pseudomonas lackrymans indi(*ates that they 
are indistinguishable morphologically. The results of cultural and bio¬ 
chemical tests with the honeydew melon organism and Psendornonas lachry- 
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mans indicate that they are identical. Studies have shown that there are no 
significant differences in carbon metabolism of the honeydew melon or^^an- 
ism and Pseudomonas lachrymans. Pathogenicity studies show that both 
organisms are pathogenic to fruits, leaves, and stems of honeydew melon and 
cucumber. It is suggested, as a result of these studies, that the honeydew 
melon organism should be considered identical with Pseudomonas lachry-- 
mans. 

U. S. Department of Agricttlttire, 

(hiiCAoo, Illinois. 
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A NEW RACE OF CERCOSPORA ORYZAE ON RICE' 

S . J . P . Chilton and E . C . T u l l i s 
(Accepted for publication Aii|<ust -4, 1946) 

Five races and several subraces of Cercospora oryzac Miyake were re¬ 
ported by Ryker“ in 1943 as occurring on rice in Louisiana. These races 
were differentiated by their differing range of pathogeuieity on the follow¬ 
ing rice varieties: Blue Rose, Blue Iio.se 41, Fortuna, Caloro, Colusa, Zenith, 
Delitus, and Southern Red rice. Jlefoi-e 1944, the variety Rexoro had been 
resistant to all of these raees botli in eornmereial fields and in experimental 
plots artificially inoculated. In 1944, however, and a^min in 1945, Rexoro 
was susceptible both in Texas’ and in Louisiana.'’ ” 

Texas Patna, and Bluebonnet, two new rice varieties of which Rexoro was 
one of the parents, also were susceptible. In 1945, the disease was wide¬ 
spread on Rexoro throughout the rice area of Texas and Louisiana. The 
fuuf^’us was isolated from Rexoro and Texas I’atna and used to inoculate 
differential varieties. The results substantiated the indications that the 
fungus on Rexoro and Texas Patna is a new race of Cf rcospora oryzac. It 
is the purpose of the present paper to report the disease reactions of tlie 
differential varieties used and to summarize the results of artificial inocula¬ 
tions with the new race on c()mme!‘cial varieties and varieties and sele('tions 
introduced from I'oreign (MMintri(»s, so tliat tlie information may be available 
for use in breeding for resistance to this new race. This information is par¬ 
ticularly im|)ortant because Rexoro was the most important high-([uality, 
long-grain variety of rice grown in the Pnited States in 1945. 

MATERIALS AND .METHODS 

From a numbei^ of (uiltures isolated from lesions on plants of Rexoro and 
Texas Patna, one culture from Texas Patna from Texas and one from 
Rexoro from Louisiana were used in June to July to inoculate .\’oung rice 
plants of 6 differential varieties and 24 commercial varieties growing in rod 
rows at the Rice Experiment Station, Crowley, La., and at Texas Substation 
No. 4, Beaumont, Texas. At the latter station, 703 foreign varieties and 
sel(‘ctions from various i)arts of the world also were similarly inoculated 
witli the culture of the fungus isolated from Texas Patna. 

1 Cooperniive investigMtiojis, Louisiana and Texas Agricultural Exp(‘riinent Stations 
and tho Division of Cereal Crops and Disease.s, Bureau of Plant Industry, Soils, and Agri 
^tiultural Engineering, Agricultural Koscarcb Adiuinistratioiii V. S. Dept. Agriculture. 

2 Associate Professor of Botany and Associate Plant Pathologist, Agricultural Experi- 
ment Station, Baton .Rouge, Louisiana, and Pathologist, Division of (!er(‘;il Crops and 
Diseases, Rice Experiment station, Beaumont, Texas. 

3 Ryker, T. C. Physiologic spt‘cialization in Cervospora orysac. Phytopath. 33: 

70-74. 1943. 

4 Tnllis, E. C., and G. E., Altstatt. Rice diseases in Texas in 1944. IT. B. Dept. Agr., 

Pi. Dis. Reptr. 28: 1103-1104. 1944. 

5 Chilton, R. J. P. A new race of Ccrcospora oryzar. TiO. Agr. Expt. Rta. Ann. Re])t. 

1943-1944: 112. 1945. 

0 Chilton, S. J. P., and E. C. Tnllis. A new race of Cercospora oryzac on rice. 
(Abstr.) I’hytopath. 36: 395. 1946. 
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The method of inoculation was the same as that described by as 

his metliod No. 2. That is, spore suspensions from pure cultures were 
sprayed on the youn^’ rice plants in the evening: between six o’clock and 
dark. 

The ratinjj^s used to record the disease reaction, that is the suscej)tibility 
or resistance of the various varieties, were; S = susceptible, ME = moderately 
resistant, and R = resistant. The susceptibility or resistance of a variety 
was determined (1) by the length of time elapsed after the inoculation before 
the lesions began to ai)pear, and (2) by the size of the lesions when fully 
developed. On susceptible varieties, lesions began to appear 10 to 12 days 
after inoculation and usually were 7-10 mm. long at the end of three weeks. 
The moderately resistant varieties reacted similarly except that the incuba¬ 
tion period was two or three days longer and the lesions were shorter. On 
resistant varieties, lesions did not appear until about 18 days or more after 
inoculation, and they remained small. 

REACTIONS OF DIFFERENTIAL VARIETIES 

The disease reactions of the six differential varieties to the previously 
described races .1 through 5 and to the new race, designated as race 6, are 
given in table 1. 

TABLE 1 .—Disease reaction of differeniial varieties to six races of Cercospora 
oriizac 


Reaction to 

Variety ------ 

Race 1. Race 2 Race 3 Race 4 Race 5 Race 6 


Blue Rose . S MR 8 R R R 

Blue Rose 41 R S R R R R 

Caloro . R R S R R R 

Fortuiia. R R R S R R 

Red Rice R R R R S 

Rexoro R R R R R S 


Rexoro is resistant to races 1 through 5, and it is the only one of the 
differential varieties that is susceptible to the new race 6. 

RELATIVE RESISTANCE OF VARIETIES 

The commercial varieties of rice found to be resistant to race (5 include 
(l)’‘the short-grain: Acadia, Asahi, Caloro, Cody, and Colusa; (2) the 
medium-grain: Arkrose, Blue Rose, Blue Rose 41, Calady 40, Early Prolific, 
Hill Medium, Kamrose, Magnolia, and Zenith; and (3) the long-grain; 
Arkansas Portuna, Delrex, Portuna, Lady Wright, Nira, Nira 43, and 
Prelude. 

The commercial varieties susceptible to race 6 were all long-grain: Blue¬ 
bonnet, Rexoro, and Texas Patna. Bluebonnet, Texas Patna, and a selection 
known as Nirex, which also was susceptible, were developed from crosses in 
which Rexoro was one of the parents. 
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Of the 703 varieties and seleetions, 555 were resistant to race 6, 

while 109 were moderately resistant and 16 w^ere susceptible. The other 23 
appeared to be segregatin^^ Among the 555 foreign varieties and selections 
resistant to race 6, were the following glutinous varieties, some of which may 
be found of value in California : Asahi mochi, Bozu inochi, Myogahari moehi, 
and Moehi Gomi. 

DISCUSSION 

The rice varieties Bluebonnet, Texas Patna, and Nirex, all susceptible to 
race 6, were developed from crosses in which Rexoro was one of the parents. 
Their siis(*eptibility to this race cleainy came from Rexoro, the female parent, 
as both Portuna, the male parent of Bluebonnet, and Nira, the male parent 
of Nirex, are resistant to race 6. The reaction of the male parent of Texas 
Patna, C.I. 5094, to race 6 is not known, but presumably it is resistant. Like¬ 
wise, the reaction of Dclitus, which unfortunately was not included in tiie 
tests, is thought to be resistant, because Delrex, wliieh was developed from 
a cross bet ween Rexoro and Delitus, is resistant. That is, the Delitus parent 
undoubtedly carried the factor for resistance in Delrex. This is the more 
likely, bc'cause, as jireviously reported,'' an generation in a cross between 
a resistant variety and Rexoro segregated in a ratio of 3 resistant to 1 
susceptible. 

St :M MARY 

A new race of Ccnmpova orifZ(i( , designated as rat'c (5, is re|)orted on rice 
in Louisiana and Texas. Race 6 attacks Itexoro and certain other commer¬ 
cial varieties of Rexoro parentage. The reactions of tln^ differential varie¬ 
ties of rii'C used to S(»i)arate the various races of (Urvospora oryzav as well as 
the reactions of a number of other (‘ommercial A arieties and for(vigii introduc¬ 
tions arc report<Ml. 

Louisiana Agricultural Exi^eriment Station, 

Baton Rouge, Louisiana 
and 

Rice Experiment Station. 

Beattmont, Texas 



THE PREPARATION OP MANUSCRIPTS FOR PHYTOPATHOLOGY^ 

A . J . E I K E K 
WRITING—A PART OF RESEARCH 

The publication of results from research is an important matter because 
of the permanence of the record and its use by others. The manner in which 
it is done reflects not only upon the individual worker, but also upon the 
orj^anization of which he is a part. The prejiaration of a manuscript which 
accurately conveys readable ideas is an essential phase of research ; it is just 
as valuable as doing more experiments; and it is fully as worthy of our best 
efforts (cf. Allen, 1). Here stands our brain child. How shall we dress 
it for presentation to the world! 

Writing is one of our most important arts. It crystallizes for us the 
experiments and ideas of others, living and dead, near at hand and in a far 
country. It gives us the combined experience of the human mind to use and 
to pass on, with siudi additions as we ourselves can make. 

Making these additions through })rinted ])a])ers sometimes causes both 
headacfies and heartaches. Recognizing tliat not every member can ride 
Pegasus well. The American I’hytopatliological S(U‘iety has requested a new 
(cf. Reddick, 18) series of rec'ommendations on writing manuscripts. It has 
also ('racked the whip over the Editorial Board in a mandate “to sharpen 
(‘ditorial pemdls,to employ at least two (lualified and anonymous referees 
on each manuscri|)t, and to imiirove the (juality of pai)ers published through 
suggestion and (‘ncouragenient, as far as ])Ossible, and to reject papers when 
ne(*essary. 

]?y this action the Society is not reaching for perfection but is striving 
to maintain a reasonably liigh technical standard, to avoid unnecessary bur¬ 
dens on the uniiaid editorial staff, to meet the greatly increased cost of print¬ 
ing, and above all to prev(Mit our science from sinking under the very bulk 
ot' present-day publication (cf. Weiss, 211). Although the subject is patho- 
logi('al, the r(*port of it need not be pathological too. 

Our purposes are to diagnose some of the diseases of manuscripts and, 
for those who want them, to suggest both prevention and cure. 

A skillful investigator avoids rushing into print with an account of 
“flea'’ reseaivh. By this we mean the kind in which he jumps on this sub- 

1 Tins nrtiole was prepared at tbc suggestion of tlie Council of The American Pliyto- 
pathological Society and at the invitation of the other nunnlnu's of the lOditorial Hoard 
of Phytopathology. These and varitnis other friends .'uid eolleagiK's, including particu¬ 
larly (A E. Allen, Noble Clark, E. E. Cleland, J. G. Dickson, H. B. Iluiriphrey, G. W. Keitt, 
Eoss Marvin, M. Ct, Merrill, had .1. (’. Walker, have given many valuable suggestions. 
M(‘sdam(^s I. B. Hodgson and E. K. Marks have assisted with many details. Much of this 
material already has b(?en writttni (Ih), and all of it has betm collected freely wherever 
found. There is no intention whatever to say or to imply, ‘^Tliis is it ; there is no otlier 
way,Eather the hope is to provide assistance for thosi* who want it, and who desire 
soino undfn’staiiding of the reasons behind the specific dirv*etions given. 

The illustrations were drawn by Eugene Herrling. 

The manuscript was approved for publication by the Director of the Wisconsin Agri¬ 
cultural Experiment Station. 
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jeet for a bite and on that subject for another. Nothing is really accom¬ 
plished except possibly starting an irritation and a place to scratch. 

The results of research are valid only in accord with the reliability of 
the methods employed and with the accuracy of their interpretation. After 
an observation has been recorded or an experiment has been made, a strict 
and seldom-broken rule requires that a report of such work must not be 
published for the use of others until repeated determinations have been made 
and before the results have been satisfactorily analy7.ed. The simpler ex¬ 
periments arc commonly made at least in duplicate or triplicate with suitable 
controls and are carried through th|;je separate times. A good investigator 
doe.s not become so enthusiastic about an experiment that he fails to view it 
impartially and to accept sound evidence against it. On tlie contrary, before 
publisldng he makes every rea.sonable effort to find an error in the procedure 
followed, in the experiment itself, or in the conclusions drawn from it. 

The reproducible experiment is essential for scientific progress. So the 
writer should give the reader all information necessary for repeating the 
work. Likewise, the writer should be reasonably sure that a (‘onipetent man, 
when he repeats the work, will find similar data and parallel conclusions. 

However, when significant results are actually ready, nothing should 
delay a iirompt and adecjuate release. Probably as many writers commit 
sins of omission, which are hard to see, as sins of commission. Scientists in 
publicly supported institutions have a special responsibility to givt‘ promiitly 
to the public the benefit of their verified investigations. The first and 
authoritative announcement of new research is best made before a s('ientifi(^ 
society or through publication in a technical magazine. Simidtan(‘Ous popu¬ 
lar releases, when desirable, can be arranged for the press and radio. Siudi 
releases must have an entirely different style, which few technical men ever 
achieve. For such writing a journalist may be secured, providing the scien¬ 
tist (‘orrects his technical errors. 

Since different writers achieve satisfactory technical manuscripts by 
various means, the following suggestions apply only in case there is no better 
way. Some pains have been taken to explain the philosophy beliind certain 
recommended procedures. Tliese did not descend ready-made from ''Mi¬ 
nerva’' in an armchair; they have developed through many years of toil; 
they have come from disappointment as well as From satisfaction. 

PINE FIGURES MAKE FINE PAPERS 

Writing is obviously much easier when one has the subject matter clearly 
in mind and aetually before him. Consequently, many skillful investigators 
first prepare—at least in temporary form—their pictures, line drawings, 
graphs, and tables. These items, as well as the text, they condense as much 
as may be consistent with clarity. 

llhistrations Are Never Too Good 

The first impression an article makes commonly depends on the character 
of the illustration. A good piece of writing loses considerable value if the 



1946] 


Riker: Preparation of Manuscripts 


955 


illustrations are i)oor. To be sure, one may not be entirely just, but be is 
realistic to feel that fine figures make fine publications. The best possible 
text figures are never better than they need to be! 

Illustrations arc usually photographs or line drawings. As part of the 
printing procedure, these are made into engravings: the photographs are 
converted into half tones, the line drawings into zinc etchings. 

fScientific journals cannot afford to use illustrations as mere embellish¬ 
ments for a paper. Each illustration must serve a purpose: it should ex¬ 
plain a new technique or ap})aratus; it should amplify a taxonomic descrip¬ 
tion ; it should emphasize the appearance of experimental material; or it 
should summarize data that are too numerous to present in the text. 

If he has several photographs, the author should grouj) them together 
for economy wherever possible. The same applies to line drawings. Photo¬ 
graphs and drawings, however, are seldom combined. 

Photographs 

P^irst, let us e()n.sider photographs, which should be taken so that unim¬ 
portant and distracting items are left out. A gloss}^ finish gives best rejmo- 
duction (10, 11). Prints should have clear, white backgrounds and strong 
contrasts, because the hall* tones usually have less contrast and less detail 
than the originals. 

Pliotogra])lis are mounted on heavy i)aperb()ard, one side of which has 
a hard, smooth, wliite surface. Although paste may be employed, wrinkles 
frequently api)ear that make the illustrations unacceptable. Rubber mount¬ 
ing cement is commonly used as follows: the back of the print and the 
smooth, white face of the pa])erboard are botli smeared with a thin layer of 
the mounting cement. After drying a few minutes, wlien both a|)pear 
sticky, the photograph is laid in position and pressed down with a cloth. 
Any excess of cement on the paperboard or picture is removed by rubbing 
with a cloth or soft eraser. 

When several ])ictures are mounted together in one figure, each one is 
lettered, c.(7., A, B, C, D, . . . in the lower left-hand corner from left to 
right and from top to bottom. The waxy surfac^e on all glossy prints is 
cleaned away from a small area with a toindi of etlier or an eraser, and the 
lettering is done witli India ink directly on the picture. To do this the 
author employs either a skillful hand or a commercial lettering guide. If 
the i)icture is black, the letter may be outlined with white ink or placed on 
a small wdiite ink circle. Pasted, cut-out, block letters usually are too heavy 
to look well and have a poor chan(*e of sticking on the waxy surface. 

Because the photographs or drawings must go to an engraver, they are 
separated from the manuscript and need complete identification. Each 
illustration desirably carries the followung information: (1) the name of the 
author, (2) the title of the manuscript, (3) the figure number, and (4) the 
legend, here as well as witli the text. These items may be neatly wTitten or, 
preferably, typed on white paper, then pasted on the paperboard back. 
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Legends should appear in the text where the first reference is made to the 
figure. Although it should be brief, it shhukl ordinarily make the illustra¬ 
tion clear without reference to the text. Magnifications given for plioto- 
micrographs should be calculated according to the size as finally printed. 

Finally, whether with a photograph, drawing, or graph, much tender 
care in preparing good figures can go down the drain unless they are well 
protected. Innocent paper clips or pencil marks on the previous page can 
make ruinous dents. Smudges fi-oni soiled fingei's or carbon paper often 
show up surprisingly in printing. Protecting the picture with a ‘‘flap” of 
thin paper, pasted first on the pap#rboard back, then drawn over the face, 
is decidedly worth while. Likewise, pictures need heavy cardboard protec¬ 
tion against creases, folds, and broken corners in the mail. IToav many 
WTiters learn this the hard w^ay! 

Drawings over Photographs 

When a photograph or a photomicrograph is poor or contains much dis¬ 
tracting, unnecessary material, which cannot be trimmed awa.\', the autlior 
can make a line drawing on tlie print (13). Best results come from an 
enlargement done on paper with a matte surface. Tlie drawing is then made 
with waterproof black ink directly over the wax-free photograph. Alter the 
ink has been thoroughly dried, the silver image of the print is removed in an 
iodine solution, made by grinding 5 gm. of iodine and 15 gm. of ]>otassium 
iodide in a little water, until they are dissolved, and by diluting to 500 ml. 
with water. A few^ minutes after all traces of the j)hotograph liave disap¬ 
peared, the print is rinsed in water and then the iodine color is bleaclied for 
about 5 minutes in 20 per cent “hypo” solution. Because the watcTproof 
ink smears easily, it must not be touched while the paper is ^vet. The print 
is washed in water, pinned to a flat, blotting surfa(*e, dried in a vertical 
position, and pressed with a flatiron. Some further drawing orten is neces¬ 
sary on the dried print. 

Photogra})hs were considered in earlier days to he more convincing than 
drawings because “photographs don’t lie.” This naive idea was long ago 
given up in. recognition of jihotographic skill,^ even without retouching. 
Whichever presents the evidence more clearly is obviously the one to use. 

Originals Made to Fit the Page 

The size of an original illustration, whether photograph, drawing, or 
graph, requires adjustment in relation to the printed page. An author can 
frequently trim from photographs much unnecessary surface, such as flow(T- 
pots, tops of test tubes, or background, and thus allow more space for tlie 
ceater of interest; or he turns some photographs sidewise for an improved 
arrangement. Graphs apd drawings usually come out best wlien they are 
made 3 or 4 times as large as the final cut because small imperfections dis- 

2 Most fisliermcii know that if they should hold a 12-mch fish at arm^s leiigtli in front 
of a yardstick and should photograjih it with an ordinary camera, the film would record 
a fish over 118 inches long. 
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ai)pear with the reduction. The original illustration can be made with 
dimensions that fit the page^ in the following way: On the bottom of a large 
sheet of paper the author draws a line on which are marked 1, 2, and 4 times 
the width of the j)rinted })age. At the left end of this base line he draws a 
vertical line on which he marks the height of the page, less the space the 
legend will occupy. This he approximates by counting the number of words 
in the legend and by measuring an already printed legend of similar length. 
He then marks on the vertical line 1, 2, and 4 times the corrected page height, 
and he completes the corresponding 3 rectangles. He constructs intermedi¬ 
ate rectangles as desired. If the fi naif illustration is to occupy the entire 
l)age, I of the page, } of the page . . . , the original illustration is made to 
occupy all, i . . . of whatevTU' rectangle is selected. On the limiting 
dimension, usually the width, the author marks with blue pencil the size he 
desires, e,g., ‘Hleducc to 4| inches.” 


Balance in Line Drawings and Oraphs 

Line drawings and gra])lis are made with India ink, usually on tracing 
cloth, Bristol board, or the equivalent, and sometimes on celluloid sheets 



fr'iG. 2. Temperature and radial growth of four da.in])ing-6ff fungi on potato-dex¬ 
trose agar in Petri dishes. 


(24). The engravers prefer originals rather than photographic copies. The 
original is essential if a rectangle has been eoi)ied askew—and usually it has 
been. 

The size and weight of letters, numbers, lines, and dots used in the origi- 

3 For 1946 a page of PIIYTOPATHOLOGY measures by 7^ inches; of the .TOUH- 
NAL OF AGRICULTURAL RESEARCH, 4^, by 7R inches; and of the AMERICAN 
JOURNAL OF BOTANY, 63i by 8| inches, with 2 columns 3 inches wide. 
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nal drawings and graphs require planning, particularly when reduction is 
contemplated. A guide aj^pears in figure 1. 

Graphs and tables are used to present numerical data. Graphs are not 
only simpler and easier to comprehend than tables, but also they are cheaper 
to set. Since the style in graphs varies enormously, the beginner may read 
AudersotPs (Jl) discussion and examine the best graphs in recent publica¬ 
tions for acceptable methods. 

An example of a relatively simple graph is in figure 2. These data are 
representative of 3 separate trials; tlie results of 2 are omitted. Although 
short, the legend makes the graph clear without reference to the text and 
with little, if any, repetition of the text. This grai)h was made with India 
ink on Bristol board. The size of the original was calculated by measuring 
the space it should oc(Mipy on the printed page and by making the original 
4 time as larg(‘. The letters and numbers were made with commercial letter¬ 
ing guides but ]>rinted letters ot the right size may be used. For best ap])eai‘- 
an(*e the white area betAveen letters needs to be approximately the same in all 
cases. This means tliat a C and 0 must be nearer together than an M and N. 
The letters and niimbei*s were large enough on the original (for tlie actual 
size of* the original, make (H)m[)arisons on figure 1) to read even after reduc¬ 
tion, which pra(di('ally eliminated certain imperf(‘ctions obvious on the origi¬ 
nal. Lettet's smaller than this on the printed page are too hard to read. 
The sjiacing of (u’itical points of the scales on the side and bottom is j)ropor- 
tioned ac'cording to a definite arithmetic (or geometric) progression. Kqual 
spacing Ixdween numbers is not acceptable in a series like the folhnving: 
2. 4, 10, 16, 20. 50, 100, 150. 

There are no vertical and (U'oss lines in the grapli proper in this case 
because a t’<‘w millimeters or a. degree or two are not im|)ortant, and because 
the general situation is observed more easily this Avay. HoAvever, the begin¬ 
nings of such lines do a])pear for clarity and for anyone Avho Avishes to com- 
})lete tliern. A few light guiding lines may be helpful sometimes where the 
exact reading is critical or if they do not divStract from the essential features. 
The meaning of each graph line is indicated right at the line itself, Avhich is 
heavier than the scale lines. Four graph lines are easily folloAved, but more 
than 5 or 6 be('ome confusing. A continuous graph line between actual 
points of measui’ement is justified in this figure because measurements at 
intermediate points would probably fall near or on the line. However, in 
a different experiment, if a series of grain varieties or chemicals Avas placed 
at the bottom, and percentage of infection at the side, vertical bars instead 
of eontinuoiis lines would be needed because there are no intermediate points. 
This is discussed in more detail by Anderson (3). He also explains that the 
preparations of sneh bars and other conventionalized figures are frequently 
easier when suitable cross hatehing on transparent film (secured from any 
good art store) is applied properly. 

tables have many possibilities 

Data too eomiilex or discontinuous for graphs or for text discussion often 
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appear best in tables. Since their typesetting cost is 2 or 3 times that of 
ordinary composition, they sliould be used frugally and only when well 
organized. 

While the acceptable styles vary enormously, an example (Table 1) may 
be useful. The data are representative, and more similar data have been 
omitted. The table lias been iirepariMl with maximum simplicity. The 
legend is short, but it is clearly worded, as are the column headings, so that 
the reader will understand the table without reference to the text. There is 
little, if any, rejietitiou in the text of data, given in the table. The columns 
have been arranged to fit on the jirbited page.^ Only the headings, proper 
names, and items in the left column begin witli capital letters. Units of 
quantity (days, number, per (^ent, etc.) may be set in italics at the top of 
figure columns. Negative results are indicated by ciphers, absence of data 
by dots. Only those decimal iioints appear which are ch'arly significant. 

* Tli(* vspnec oexMipied by lettcrH and iiunibers can be estimated by tlie 8 point type in 
tlie following lines: 

fibcdefgliijklmiiopqrstuvwxYzabcdcfghijklmnopqrstiivwxvzabcdefgliiiklnin(>|»qr8tuv\vxvzaVi 
ABCDEFGITIJKLMNOPgRH^rTTVWXYZABCDKFGHf.lKLMNOPQTIBTIIVW^XyZABC 
12345678901234.567890123456789012345078i)()J2345078901234r)()7890.1234567890123456789 

By counting letters, minibers, and at least I character for the space between colninns, om‘ 
can estininto the sjiace. a table will occupy. The large nuniber of dilfercnt possible 
arrangements, discussed in detail by Aiid(‘rson {'.‘1), enables one to arrange almost any 
material to fit the page. For example, with 3 criteria of classification, A, B, and 0, there 
are 12 possibilities, thus: 


A A 

B 

B 

A 

A B 

B 

C 

b 

b 

0 

1) 

1) 

C 

a 

a 

C 

a 

a. 


b b 

b 1) a a 

a a 

V 

C 

C 

C 


c c 

B 

B 

c 

C B 

B 

A 

A 


b b 

1) b c c 

c c 

O 

b 

<* 

c 


A 

A 


A 

A 


A 

A 


b 

c 





b 

c 







A 

A 


0 

c 


A A C C 

B 



B 

f| 




<* c' c c a a a a 

c 

B 

c 



a 

B 

a 



B 

B 

B 


c a 










1946 


Riker: Preparation of Manuscripts 


961 


Non-significant decimals indicate a lack of discrimination. When they are 
used, they are uniform in a single column. ‘ ^ Ditto ^ ’ is indicated not by ditto 
marks (‘') but by Do . . . or . . . do . . . , respectively, in the first or 
later column. Footnotes often supply information otherwise requiring a 
column. They are indicated by raised small letters. Howewer, too many 
footnotes may be confusing. The authors can find in the literature many 
good examples to follow. 


TABLE 1 .—Vusiribution in llKHl of Vythium and Khizoctonia on red pine aei dlituja 
in Wisconsin forest nurseries 


IjOCiitioii 

Soil 


Seed- 

Platings 

Yicdd of positive 
platings 


Type 

Reac- 

tionsi 

plated 

positive^ 

Pythium 

Khizoctonia 



pH 

Number 

Number 

Per cent 

Per cent 


Vilas sjmd 

5.0c 

8 

1 

0 

100 

Port Edwards 

Plain field Siind 

5.0c 

56 

54 

0 

100 

Do 

do 

5,1c 

82 

81 

19 

81 

Gordon 

do 

5.2c 

13 

7 

0 

100 

Madison 

silt loam 

5.3 

17 

15 

20 

80 

Trout Lake 

Vilas saud‘1 


19 

10 

so 

20 


» Dotorminatioiis were made witli a qiiinhvdroiie electrode and checked with a glass 
electJ’ode. 

Positive yielded either Fythium or Khizoctonia; all otluM’ plates were iiega- 

tive or yielded saprophyte's or dubious ]>arasites. 

*■ Treated at seceding with 2 per cent sulphuric acid t(> control damping off. 

Instead of soil from a nursery, this was soil from a nearby woods. 

Particularly in a summary tabic when statistical analysis lias been em- 
ployed, one should mention the procedure and give an indication of the 
variability in the results; for example, the minimum significant difference 
or a summary of the analysis of variance. 

Editors usually will take details of some rejiresentative data which are 
necessary to exiilain the yirocedure. After this they accept only summarized 
or well digested data which give the results. Obviously, an author cannot 
])ublisli all the data that have accumulated. 

The tentative completion of tables, text figures, and, in addition, tlie 
pertinent literature citations before planning the details ol the manuscript 
freiiuently saves considerable time in revision. 

THE outline marks THE WAY 

The pre|)aralion of a. manuscript, just as with the itinerary for a trip, 
begins with a detailed plan, wliieh frequently has been marked out already 
in the research program. The kinds of plans vary, but they should indicate 
the most suitable way, like road markers, and avoid meandering lanes. Most 
writers, unless they have something better, follow a conventional outline such 
as the following: 

Title. This desirably is concise, descriptive, and favorable to accurate 
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indexing-.’’ Tims another investig’ator is more likely to find it in his search 
of the literature. Further discussion is given by Oberly (14). 

Introductioii. This part often contains (1) a statement of the general 
subject, (2) the orientation, setting, and foundation on which the present 
investigation was made, but not a general literature review, and (3) the 
purpose of the studies described. 

Malcruds and methods. This section usually ex])lains broader asi^ects 
of Avhat was used and how tlie work was done. However, certain details 
about individual experiments may fit in better in the specific section where 
they are described. The validity,j;of research has its foundation on the 
method followed by the inx'estigatoC. Tlie validity of his technirpie and the 
logic of his inter})retations need to be clearly a])pareMt and must be ac'cepta- 
ble (cf. Rawlins, 17; Riker and Riker, 19). 

Observations, experiinents, and, restilis. This is the main part of tlie 
manuscript, containing brief descriptions of observatiojis and (experiments. 
Representative data and summaries of results should at)pear in a clear, con¬ 
cise, and logical form. Unimportant experiments and results, details of 
duplications, or data tliat cannot be interpreted are left out. Various sub¬ 
headings mav- be useful. Under each the data may be j)resent(‘d in their 
logical order and without regard to tlie sequence in which the experiments 
were performed. 

Discussion. In this portion the writer may answer the ((uestion ‘‘So 
what'U’ as he interprets tlie various data- in relation to one another and to 
the foundation given in the “Introduction.lie clarifu's tlie meanings and 
implications of tin? various results and may indicate jiossible future develop¬ 
ments. The reasoning done must be accurate and in ai/cord with a recog¬ 
nized method of logic. Although in this place he can take a panoramic rather 
than a kcwhole view ol* the sitiuition, he wisely avoids wringing out of the 
results the last drop of tluioretical implication. Summarization is avoided, 
if there is nothing important to discuss, tliis section should be omitted. 

Sunmiarif. This is a brief rc^sume of the results togetlier with the impor- 
taul conclusions, and not a general statement of the field ol* study. In a 
“note’' o(.-cupying less than two printed pages, the last paragraph serves 
as a summary. 

Literature cited. Five or more references are placed in this separate 
section. Four or less appear as footnotes. 

Such an outline, and particularly “Observations, Experiments and Re¬ 
sults,” may be elaborated until every sejiarate item oI' the paper has an 
enUy. If the author does this in detail, he saves much time in later reoi*- 

5 For example, new oak disease’’ is inadequate. “The, general importance, 
differential symptoms, and causal fungus responsiide for a ii(*w wilt disease severe on red 
and black oaks^^ is too long. ‘‘The signihcancc, symptoms, and cause of oak wilt” 
covers the essential ))oitits. ‘‘Studio's on ...” is omitted because it is implied before 
almost every title. The Latin name of the fungus is usually omitted, especially if its 
eoramon name or the name of the disease appears. If the Latin name is used, the author¬ 
ity is omitted in the title, but is given in the text where the name first appears. 
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g^anization, since he can hold in mind the divisions of the subject and their 
relations to one another more easily during the outline stage. The actual 
writing of the pa})er moves along better because final units in the outline 
furnish the subjects for the paragraphs. Some writers develop the outline 
in such a way as to provide not only the topics but also the topic sentences 
of the paragraj)hs. At first, this ])rocedure may result in mechanical writ¬ 
ing, but, in time, this is easily overcome. Even so, it is better than dis¬ 
organization. 

PREPARATION OF THE TEXT 

Writing a manuscript need not be the disagreeable task often made of it. 
There is a technique for writing just as there is for making single-spore 
isolations—except that writing takes more time and patience to learn. How¬ 
ever, once the skill is accpiired, it can be a delightful means of self-expression. 


A Wr'iter Has Resiyofisibiiity 

An investigator stands before his colleagues and the public as an edu¬ 
cated man and lias the obligation to show it in his writing. He makes correct 
use of grammar, rhetoric, and logic; he keeps his readers in mind; and he 
sliows tliem the consideration and courtesy of simple and clear exposition. 
He does not string together ponderous phrases without continuity, like wash 
on a back-alley line. 

The aim of publication is to increase knowledge (e.r/., interpret the j^ast, 
take care of the present, and provide for the future) and to leave the field 
clearer than it was. The last calls for the proper balance throughout of 
unity, coherence, emphasis, and accuracy. It is necessary to use language 
that not only gives the information but also gives it so eleaidy that it cannot 
be misunderstood. Every paragraph and every sentence in your paper 
should receive careful and repeated consideration, first, as to wdiether it tells 
the exact truth; settond, as to whether it is absolutely clear, i.e., will convey 
the same memiing to all as to ymirself (try it on your friends, if they will 
submit to it); third, as to wlietlmr it is complete, or requires various addi¬ 
tions or (qualifications --*80101100 is an eternal (jualification; fourth, as to 
whether the senteiicivs in it are entirely logical and move convincingly toward 
your final conclusions. These things can be determined only by repeated 
readings and much pondering^' (21). 

A publication is not judged by its length but (1) by the message it 
carries, (2) by the amount of w^ell-directed and w^ell-digested work it repre¬ 
sents, (3) by the discrimination shown in distinguishing betwe(ni the impor¬ 
tant and the relatively unimportant, and (4) by the conciseness in present¬ 
ing the essential features. As a rule the more definitely a fact has been 
established by an investigator the more directly and simply it can be pre¬ 
sented. The doubtful facts have to be hedged about with explanations, 
qualifications, and cautions. So brevity is an important quality. 
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A Premium on Brevity 

Many writers use roundabout, wordy expressions'^’ and include much 
unnecessary detail. Then they are puzzled when reviewers say, ‘‘Condense 
the manuscript to one-half its 1 ) 1 * 68011 1 volume/^ Such writers may think 
they are disked to omit many of their experiments and may feel resentment 
and frustration. 

Among the diseases of manuscripts, a diarrhea of words is perhaps the 
most common. A representative case may clarify the symptoms and cure. 
Do you think the following paragraph, about the propagation of white pine 
selected for resistance to blister rult, is exaggerated? IF so, you should see 
some examples collected from papers actually submitted. 

“The multiplication of rc^sistant white pine trees by means of making 
grafts has been already demonstrated as a feasible possibility. On an experi¬ 
mental basis, as was explaiiu'd earlier, over 1000 grai'ts have been made and 
grown siiccessfiilly during these studies in both green house and field condi¬ 
tions. Yet a grafted tree has been found relatively expensive because of the 
necessity, according to present techniciue, of using green house space in the 
winter time and cold frames in the spring. Counting scions, stock, ])ots, 
labor, et cetera, cacti graft is estimated to cost about 12 cents. This cost 
might be reduced somewhat if further researcli will be done to^l'urther 
improve the mettiods employed. It might also be reduced by ])uting this 
operation on the basis of a. large si'ale commei’cial production. Even at this 
relatively high figure grafting may now be done as a practical possibility 
due to the high price paid for certain types of ornimental planting. But the 
most promising means that has appeared of reducing the cost of propagating 
rust resistant white pine trees is through the rooting of cuttings.’’ More 
things than cuttle fish hide themselves in their own ink (cf. Mav(*riclv, 12; 
Barzun, 5). 

This paragraph can be reduced to about one-third the space by omitting 
unimportant detail, can be clarified, and can be corrected [e.f/., it contains 
a dangling participle, some awkward phrases and four misspelled words) as 
follows (cf. Riker ei oL, 20): 

“Grafting white pine is feasible for experiments. Yet grafted trees are 
relatively exiiensive now^ (about 12 cents each) because they are propagated 

For example, some exj)re8sions witli their shorter (‘quivaleuts follow: 
it will be seen from the foregoing figiire.s - tliese figures show' 
it would thus appeur that - seeniingiy or apparently 
it is true that “ admittedly 
V it is this that - this 

the fact that the cultures grew shows-the growth shows 

the question as to whether “ w'hether 

during the time that - while 

at an earlier date - previously 

with reference to-about or concerning 

the treatment having been performed = after treatment 

under greenhouse conditions - in the greenhouse . 

goes under the name of = is called 

plants exhibited good growth = plants grew well 

conducted inoculation experiments on = inoculated 
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in a greenhouse. Even so, grafting is x>ossible for certain types of orna¬ 
mental planting. Although improved technique and Jarge-scale commercial 
production might reduce this cost, it will doubtless remain higher than that 
for cuttings. 

Such condensation is prized by scientists who seek as many facts and 
ideas as possible in ten minutes of reading—but it may be anathema both to 
journalists MTiting at so much per word and to readers seeking effortless 
entertainment. 

The rearrangement of words and ])hrases is really an interesting game. 
Of course, maniiscrii)ts can be cryiitic and lose precision if condensed too 
much. While many adolescents might disagree, it would be a shame to 
reduce Caesar’s ‘‘Commentaries” to Sherman’s “War is hell.” The be¬ 
ginner might try condensing manuscripts written by others' until he dis¬ 
covers how much fun it is and how to do it well. It is much more difficult 
for him to see and to correct the weakness in his own composition. 

Being Dull or InteresUng 

In tile cl mice and arrangement of words lies the difference betw^een dull 
and interesting composition—jiroviding one has something to say. l>eing 
dull involves, for example, (1) numerous cliches and jilatitudes, (2) ver¬ 
bosity and circumlocution (For goodness sake, come to the point!), (8) 
obscurity (What does he mean, anyway?), (4) tlie excessive use of the 
passive voice, (5) long pretentions words in stilted phrases,^ and (6) expres¬ 
sions that do not fit together. All of these can be overcome with a little care. 
While ])erhaps no one A\'ould introduce into a report on iiotato late blight the 
lure, susiiense, and drama of love and murder, still technical writing need 
not make us vawn. For example, one can at least aim at satisfying oi’gani- 
zation, directness, brevity, lucidity, (*on(*reteness, and even an occasional 
daring or sinewy phrase. Words and expressions tliat suggest ])i(‘tures and 
actions helf) to hold interest and to clarify ineaning. Overstreet (15) ha-s 
develoi)ed further this important subject.^ 

Accuracg—a Frimc Necessity 

The definitions of words are fi*equent sources of trouble (cf. Committee, 
8 , 9). Words are the most valuable of scientific tools; they convey facts 
and ideas to others; but they can be dangerous. Occasionally some one 
extends a meaning without bothering to see whether it is valid, and thus he 
has a false sense of security. Many an argument has developed over differ¬ 
ent concepts for the same word. For example, “single-cell culture” applied 
to bacteria means for one person a culture from a single bacterial colony in 
a Petri dish (and thus no direct evidence that it is free from mixture), while 

7 If you do try it, please use discretion. It may be no safer to criticize a man ’s brain 
child than to slap his little Tommie or Susie. 

8 They remind Maverick (12) of the ridiculous strutting pomposity and the “ gob 
bledygook^’ of his turkey gobbler. 

» W''e have just seen a new and excellent aid to writing for easy reading. It is by 
Rudolph Flesch, “The art of plain talk,“ 210 pp., New York [1940], 
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for another it means a culture derived from an observed and a mechanically 
picked individual bacterium, if there is danger of a critical word being 
misinterpreted, the autlior may wisely explain just what he does mean. 

Emphatic expressions about conclusions are undesirable because of the 
space they occupy and the suspicions they arouse. The clearly stated fact 
needs no reenforcing. If a writer says, ‘‘The data clearly show beyond 
I)ossible question that . . . , it suggests that lie needs to convince himself. 
It reminds the reader of the timid boy who whistled to keep up his courage. 

Teleological statements always arouse criticism. Two sentences may 
serve as examples: “The stomata|closed in order to reduce further water 
loss from the leaves.’’ “The germ tubes formed appressoria on the cuticle 
to help send infection pegs into the tissue.” These expressions, which sug¬ 
gest that stomata and germ tubes had a purj)ose for what th(\y did, indicate 
illogical tliinking, carcdess composition, and especially d(‘partiire from the 
approved scientific attitude. 

Trade names of fungicides are far from precise. They have appeared 
on materials that have been clianged again and again in composition. Even 
when the container gives the formula, another investigator, esix'cially in 
future years, may not know exaidly wlmt it was. Such trade iianu^s should 
not be used unless the chemistry of the prodiud is given. Wlum used tlu'y 
are capitalized (Semesan, Vigoro, Hudson sprayer . . . ). 

Ac.curacy is a critical reciuirement in technical writing. The scientist 
must scatter the fog of abstract or obscure ext)ressi()ns and let the light 
shine clearly on the concrete ba^se of reality. If he is careless in reporting 
his work, he may be suspected of being careless in his experiments, in taking 
data, and evmi in thinking about them. The de*sign and interj)retation of the 
experiments need to be cl(‘arly in accord with logical scientific methods (cf. 
Wolf, 27). Lucidity is the sovereign politeness of the writer; lu' must make 
sure that his words can be given no unintended otlier meaning. 

To read accurately seems to be among the haixlest things in this world. 
To misund(n*stand is among the easiest—because we tend to get the idea we 
expect to find, or we wish to find; and too orten we may twist tlie meaning 
to make it what we li]<e ((*f. Barzun, 5). Poor writing makes liard reading. 
Repeated lack of precision through laziness or scatteihrains suggests the 
adulteration of food; there is possible danger and certainly bad taste. 

A clear and sliarp line needs to be drawn between facd and opinion, 
between reason and wdshful thinking. The scientist should be objective and 
should formulate only conclusions justified by the evidence. Deductions 
from pre(ionceived notions or, mu(*h worse, from prejudice, indicate a mind 
closed to impartial and honest reasoning. Sooner or later they detract from 
a man’s standing and from scientific iirogress. Administrative pressure or 
]>ersonal ambition may lead to the misinterpretation or over-enthusiastic 
reporting of a valid new^ discovery. Examples are common. The salvation 
of the j)lant WTjrld has been announced repeatedly by extravagant and un¬ 
justified claims for such valuable items as fertilizers, sprays, seed treatments, 



1946] 


Hiker: Preparation of Manuscripts 


967 


hormones, and a long list of others. When an investigator extends a gen¬ 
eralization, he is probably also extending his neck. He may well recall that 
‘^no generalization is true—not even this one.” 

One needs to be objective and to show consideration for his colleagues, 
especially when they are in error. Comments about one^s own research and 
that of others are in bad taste when personal, and in good form when 
factual. Disparaging statements commonh" boomerang to the disadvantage 
of the writer. While spectators may enjoy the free show, who can throw 
mud and still keep his hands clean? Although Erwin P. Smith practically 
macerated Fisher in their well-known controversy, Smith lived to be ashamed 
of the way he did it. Difference of opinion and good-natured controversy 
are healthful and stimulating, but '‘dog fights” are bad. Most conflicts can 
be settled best through correspondence, in conference, or by furtJier experi¬ 
ments without wasting space in print. After all, the question is not, "Who 
is right?” but "What is true?” 

This objective approach, when ap])lied to earlier contributions by others, 
allots to each tlie treatment it deserves in relation both to the present contri¬ 
bution and to the subject as a whole. A nationalistic or a personal twist of 
the credit assigned to earlier work, either by omission or by minimizing its 
significauee, can only corrode the writer’s reputation. The white radiance 
of establislied fact shines more beautifully if it is unsullied either by the 
sweat and blood of acrimonious controversy or by the odor of piffling 
jealousy and unenlightened ambition. 

Bad and Good Beginnings 

Novices in teclinical writing frequently get }) 00 r results for several 
reasons: (1) They have troidile writing a good "Introduction.” Tliis is one 
of tlie most difficult parts of a paper. Even wiien the staleinent of the prob¬ 
lem, the scope of tin* work, the background, an<l the puri)oses are clear from 
the outline, beginners often have trouble. If they do, tliey may well i)ass 
ovei' it lightly or even skij) to "Materials and Metliods,”—i)e]-haps the easiest 
])art i'uv the initial effort. (2) They have not finislied, at least in prelimi¬ 
nary form, the text figures or tables and have insufficiently digested their 
results. Tliey begin to write before they have decided which results should 
be left out, wliich used, and what they mean. (3) They may be discouraged 
IxH'ause ill the first draft tliey seek perfection; therefore, they may wreck the 
train of thought on the spelling of "desiccate,” a dangling participle, or the 
choice between 50 cc. and 50 ml. (4) They allow insufficient lime for writ¬ 
ing. When there is a deadline date, the pressure increases the difficulty. 
For exanqile, after reviewing the literature and after completing and digest¬ 
ing the exiierimenls, a graduate student should allow 3 entire months for 
writing his doctor’s thesis. Even experienced and skillful writers seldom 
produce an excellent manuscript without going over it many times, without 
liaving several clean copies made, and without laying it aside to cool before 
final revision. 
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A happy way to begin is to recognize that for the first draft the all impor¬ 
tant thing is to transfer the thoughts to paper. With an outline to serve as 
a guide down the main line and aAvay from sidetracks, one can run light- 
heartedly and witli disregard for spelling, punetuation, and rhetoric which 
might wreck the train of thought. At this stage tlie self-expression of per¬ 
sonality appears which provides style and raises an otherwise dull subject 
to the level of pleasant reading. So long as the “spirit moves/^ no question 
of detail is permitted to interfere. Some people find it helpful to imagine 
several listeners and to write as if talking to them. They may include 
everything possibly significant ai|i later eliminate nonessentials during 
revisions of separate ])arts. It is easier to cross off than to make inserts. 

Paragraphs Single Units 

Many writers place a single paragraph on one sheet of paper to avoid 
the clutter of cutting and pasting during later revisions. Then they can 
subtract, add, or move a single unit witliout disturbing other sections. 

The coinj>osition of a paragrai>h varies with different cireunistances, but 
desirably contains only one central idea. An investigator may consider a 
structure something like this: (1) topic^ in wliich the subject, but not the 
conclusion, is stated; (2) explanation of topic*, in whi(*h appear any neces¬ 
sary clarifications of terms or greater deseriptiojis of various items; (3) 
central part, in which is given the detail regarding the topic discussed; (4) 
conclusions, in Avhich the writer^s estimate of the meaning of this detail is 
explained; and (5) transition, in which the connection between this f)ara- 
graph and the one following is shown. The transition may appear as a 
word or phrase in the first sentence of the next paragraph. 

The chief objection to this form is a tendency to be stilted unless tin* 
transitions are skillfully handled, but this is a much smaller fault than 
obscurity. The topic sentences sometimes cause difficulty because, instead 
of the topic, writers place the conclusion first; then they (‘iideavor to justify 
it by the material that follows. This suggests an effort to prove a precon¬ 
ceived idea rather than to make an imi)artial evaluation of the evidtnice. 
Herein lies one of the basic differences between technical and news writing: 
a reporter tells the important thing first; he gives various details later. 

The chief advantage of writing so that the topic is clearly stated in the 
first sentence (and better still in the first phrase of the first scntt‘n(ie) is that 
the reader can glance raindly over the article; he can locate easily tlie para¬ 
graphs in which he is interested: he can skip everything else. And this is, 
after all, a critical test for good writing in a technical paper. This system 
is a little hard at first. But once a writer develops the habit, he saves much 
time ill hunting through the manuscript for a particular item, especially 
after a clean copy has been made. Likewise, readers can glance rapidly 
through a stack of papers written in this way. Articles not so prepared they 
may file away for reading in a leisurely time—which never comes. 

Admittedly, there are other approaches. However, technical writing 
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has certain limitations. They prevent the writer from employing; some of 
the interesting techniques useful in ncAvspapers and popular magazines. 
For examjjle, (1) a scientist must use the technical jargon (the shorthand) 
of his subject. It is required for brevity, clarity, and precision, even though 
it may be unintelligible to those untrained in this subject. (2) He needs 
to be brief. (11) He should avoid even the appearance of personal bias and 
should state first the facts and then draw the conclusions. (4) When he 
must walk in those fields where emotions blossom to influence judgment, he 
considers only the valid data and logical inferences from them. He shuns 
the assessment of values he cannot measure. He differentiates fact from 
opinion. Sucli conditions are rather incompatible with the ‘'human inter¬ 
est^’ sought by journalists. So within rather exacting requirements each 
scientist will use the best way for Ids purpose. But he should not hope to 
find a “sliort cut” for painstaking revisions. 

Bevision Requires Time and Care 

Once the first draft has been made, its revision and correction call for 
a different apiiroac'h. A refresher glance at one of the many good hand¬ 
books of composition (r.ir/,, Woolley, Scott, and Berdahl, 28) is sure to be 
helpful. 

Tht‘ correction of the text involves many details which are frequently 
mer(‘ly conventions ado|)ted for convenience, uniformity, and precision. 
Terminology ; s|)elling including capitalization, abbreviation, and compound¬ 
ing words; punctuation; and citations are a few of the (|uestions requiring 
siiecial attention. Except wliere otherwise stated, PHYTOPATHOLOGY 
aims to follow the Public Print(‘r ( Ki).^'’ Attentioii is directed particularly 
to such abbreviations as: cc. for cubic centimeter (s|)ace) ; ml. for milliliter 
(voluirie, instead of cc.) ; gm. for gram; ami gg. for microgram (instead of 
gamma)—all witli i)eriods. For spelling and common meanings of words, 
PHVTOl^ATHOLOGY follows Webster’s New International Dictionary; 
for S})ecial definitions,^' recent reports (8, 9) ; for common names of plants, 
Standardized Plant Names (2); and for scientific names, the International 
Rules of Botanical Nomenclature (7). However, dissenters have their 
rights, and most editors defer to authors with valid arguments. The de¬ 
scription of a n(‘w fungus species should have a summary in Latin, and that 
of a new bacterial species, in English. Among others, Trelease and Yule 
(22) discuss the }>reparation of scientific and technical papers, and Woglum 
(26) has assembled a list of improperly used words. 

An alteration in one place frequently calls for a survey of the text for 

For sale by tlie Snperinteii<ient of Doeuuients, IJ. >S. Government Printing Ofliee, 
Washington 25, 1). U. 

Some technical words are hard to define. The committee r(‘ports commonly give 
the best definitions, t)ut even they are more or less tentative. For example, ainojig the 
various definitions for “plant diseases“ we have this facetious one, “Plant diseases are 
the things plant pathologists work on.” If you know what we mean, a definition is not 
necessary; if you do not, it does not hel}) much. Are we reduced to saying, “Plant 
disease—you know what 1 mean 
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some distance, before and after the change, for corrections dependent on the 
first. This deserves special emphasis. 

Should such details be left for the Editorial Board? Not until the 
Society ])ays its editors. Meantime, they perform an enormous and thank¬ 
less labor of love,’’ and they deserve to receive manuscripts in good form. 

The criticism of a manuscript by well-informed colleagues is eminently 
desirable. Even though it has been prex)ared with extreme care, has been 
reread critically by the writer a dozen or more times, and has received a 
number of retypings, the suggestions of colleagues are sure to reveal various 
rough places and to discover statepents which miglit be construed in two 
ways. It is a common experience tliat a man cannot edit his own maTiuscript. 
The examinatioji b}' others will guard against a misinterpretation of the data 
presented, against drawing conclusions from inadequate data, and against 
publishing a paper that may later be eml)arrassing, not only to the author 
but also to others in the same institution. Tabular and statisti(*al matter 
particularly are to be cliecked. The values of such a procedure so far out- 
Aveigh the extra labor involved that sucli a revicAV is required by most editors. 

Thone Troublesome References 

Keferenees to other publications present many oi)p()rtunities for error. 
Just as editors frown on long literature revi(*ws, so they discourage an ex(‘es- 
siv(; number of citations. IJidess they are really n(‘cessary, a large number 
makes a paper appi^ar pedantic rather than .learned. How often av(‘ s(‘e a 
g(‘neral statement folloAved by a string of citations when one or two Avould 
server as (‘xamples. 

An easy method, while preparing a mauuscri|)t, is to enter in the text 
the name of tlie author with the year of publication. If the same autlior has 
sev(*ral publications in a year, they are designated by letters (/.</., Jones, 
1935^K 19;{5b, 19:i5c, . . . ). 

The complete citation may l)e placed on a card of convenient size, the 
reference cards being keid in ali>hal)etical order. The form of the citation 
is a convention and follows the best form in recent issues. Exam|)ies ap|)ear 
at the end of this paper. In case of doubt, the plan suggested by AVhitlock 
(25) is excellent. The abbreviations for the titles of the periodicals may 
be prepared and interpi’cted according to Bartholow’s (4) list. Before tlie 
literature cited is typed double spaced from the alphabetically arranged 
('.ards, every letter and numb(‘r of the citation sliould be ch(‘cked against the 
original. Do you think this is a tedious, time-(*onsuming job? Obviously. 
Should it be left to the editors? Certainly not. 

Before the final copy is typed, frequently the author’s name and always 
the year of publication are replaced by numbers,^- corresponding to those 
in the alphabetically arranged ‘‘Literature Cited,” providing there are 5 or 
moie. Fewer citations are handled as footnotes. Once the list is done, any 

12 There are important ar^jninents in favor of leaving the natnea of the inv(‘stigators 
and the year of publicMtiou in the text (cf. American Journal of Bota,ii.v). 



1946] 


Riker: Preparation of Manuscripts 


971 


deletion or addition of a reference means changing many numbers both in 
the text, where they are easily missed, and in the “Literature Cited/^ For 
example, if a reference to a paper by Brown is added or removed, all the 
numbers applying to papers by authors following Brown in the alphabet 
must also be changed. 

THE FINAL COPY 

The final copy is typed double spaced with ami)le margins on good white 
bond pa|)er (preferably about 8^ by 11 irndies) and with at least 2 carbon 
copies. Footnotes and legends for text figures and plates are tyjied immedi¬ 
ately below the first notation to them and are set off from the text by a line 
above and another below. The printer likes a separate jiage carrying the 
legends of the text figures. Each table is typed on a separate sheet (so it 
can be taken out and given to a different typesetter) and inserted as a num¬ 
bered page in the manuscript immediately after tlie page on which the table 
is first mentioned. The mannserij)t is accompanied by a table ot‘ contents 
sliowing the rank of the various center headings and a statement of the 
number of pages, tables, and text figures. 

Th(‘ ('arbon e()pi(*s smear less and are more easily read if each page is 
ln*ated momentarily above the melting point of the wax in tlie carbon pai)er. 
As this wax melts, it is absorbed by the i)aper. The wax impression smears 
easily wliile hot, but is fixed after cooling. 

When tliis final tyi)iiig and its carbon coi)ies have been made and cliecked, 
the author still has several details to consider. 

Bel'oia* a ma.nuscrii)t is sent off for pidilication, it is hoped that the Avriter 
can answtu* “Yes” to the following q nest ions; (1) Has every reasonable 
elfoi-t liceu made to find a flaw in the techiiiipie used and to discover any 
errors either in the otiservations and experiineuts themselves or in the con¬ 
clusions drawn from thenr? (2) Is it reasonably certain that, wdien able 
investigators rc'jX'at the woi’k, they must secure the same results and draw’ 
the same conclusions ! ( 2)) lias the size of the manuscript been reduced to 

the minimum compatible with clarity of presentation! (4) Have at least 

two ((iialified colleagues read and criticized the manuscript? (5) Has a 
^‘ompetent statistician examined the tables and computations? (6) Do the 
illnstrative materials, tables, and legends meet the recpiirements of PHYTO¬ 
PATHOLOGY? AVill each figure and table fit wadi on the printed jiage? 
(7) Is there a reference in the text to every table, to every figure, and also 
to every publication referred to in “Literature Cited?” (8) Has every 
entry in “Literature Cited” been cheeked against the original, and is the 
form of reference suitable for PHYTOPATHOLOGY ? (9) Have you pre¬ 

pared a table of contents showing the relative rank of the different headings? 
Have you written on the first page the total number of pages, text figures, 
and tables? (10) Wlien the paper was finished, was it laid aside for at least 
a month and tlien reexamined critically with a fresli viewpoint and without 
bias ? (11) Has it been approved b)^ the proper administrative office (if 
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this is required) ? (12) Is PHYTOPATHOLOGY the best journal for this 

manuscript ? 

INCIDENTAL MATTERS 

After a manuscript has been received by the editor, two anonymous but 
well-qualified referees examine it. The time is shortened when the author 
sends in a complete duplicate of his paper, except for complex illustrations. 
While reviewers do their best and are almost always helpful, they arc human. 
The author must make sure that the}" have not introduced any mistakes. 
This editorial procedure seems necpsary not only to maintain a satisfactory 
standard but also to assist the authors, so far as is humanly possible, to avoid 
serious errors. 

For any important corrections suj^gested, the manuscript goes back to 
the writer. However, when it has only minor editorial changes, the manu¬ 
script goes to the jn-inter and the author checks the changes when he reads 
the galley proof. 

Wliile no one needs to acliieve perfection, he should meet at least a satis¬ 
factory standard. If he fails in tliis, his paper either will be delayed until 
he does accomplish it or will be rejected. 

After galley proofs are received, errors are indicated by standard proof¬ 
reading marks (cf. Uiker and Hiker, ]9; or Public Printer, 16). At this 
stage only essential alterations are permissible. Any minor changes in word¬ 
ing or punctuation are avoided. These, of (‘ourse, should have been made 
earlier on the rnanuscrii)!, when a few strokes with a i)en would lun'e accom¬ 
plished the results. 

Typosetter\s errors shoqld be marked in i*ed ink oidy on tin* galley proof 
slieets. The original manuscript should never be altered when read against 
the galley proof. Author’s alterations from copy should be indicated in 
black ink only on the proof sheets. The printer charges for tlie latter at 
the prevailing rate. The change of a single long Avord may i*equire that the 
rest of the paragraph be reset. 

Abstracts of papers for transmission to Biological Abstracts are re- 
(piested at the time proof is returned to expedite their y)iii>ijf*i^tion. Ordi¬ 
narily, the abstract does not exceed in length 8 per cent of the original paper. 
A guide for preparing such abstracts is available (6). 

Reprints arc ordered at the time proof is returned. 

SUM MAKIZED RECOM MENDATIONS 

" As you prepare manuscripts for PHYTOPATHOLOGY, you are re¬ 
quested, as far as it is feasible, to follow these recommendations. If at first 
some of them resemble armchair fiats, please consider the explanation for 
most of them in the preceding pages. 

Illustrations 

1. Plan in relation to page dimensions and allow for the space needed for 
a legend. 
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2. Avoid dui)lieation of illustrative material and an excessive amount. 
The author may be charged for illustrations and tables which combined 
occupy more than 20 per cent of the page space. 

3. When there are several similar illustrations, combine them into one 
figure whenever possible, but do not combine photographs and line 
drawings. 

4. Ijetter units of a composite illustration (A, B, . . . ) on the picture 
itself. Letter specific parts of a unit (a, b, c, . . .). The author should 
employ either a skilllul Jiarid, a lettering guide, or suitable type.. Do 
not leave this to the editor. 

5. Submit only pliotograplis that are glossy, have plenty of contrast, and 
have been mounted without wrinkles with rubber cement. 

6. Trim away unnecessary parts of photographs (flower pots, backgrounds, 
operators, nonessential plant parts . . . ). 

7. Use undiluted India ink drawings or silvertones rather than i)oor photo¬ 
graphs. 

8. Prepare drawings for zinc etchings on Bristol board or the equivalent. 

9. For graplis avoid green-line graph paper and typewritten labels or 
symbols. Use undiluted India ink on special blue-line paper, white 
paperboard, or tracing cloth. 

10. Make sure of a heavy, even, steady line; of size, clearness, and openness 
of lettering or stippling; and of accuracy of scales—all in relation to 
the rediKdion planned. 

11. If magnifications are indi(‘ated, calculate them for reduction of illustra¬ 
tion when ne(»essary. 

12. Indicate with blue pencil the reduction desired. 

13. Prepare legends that are brief but clear with little, if any, repetition of 
the text. Place author’s name, title of manus(*ript, figure number, and 
legend on the back of the figure. 

14. Pack illustrations well for mailing. Use plenty of corrugated paper- 
board or the equivalent to avoid wrinkles, folds, cracks, and dents from 
])aper clips. 

Tables 

1. Avoid long, complex, or undigested tables. 

2. Avoid too many tableS"~the most expensive part of a manuscript to 
print. The author may be charged for more than 20 per cent all told of 
illustrative and tabular material. 

3. Use the text rather than small tables wdienever possible. 

4. Arrange tlie table to fit upright on the page (4| by 7 J inches in 1946) 
wdienever possible. 

5. Number tables wdtli arabic numerals (1, 2, 3, . . . ). 

6. Provide a complete table heading for every table. 

7. Provide clear and concise column headings. 

8. Letter footnotes a, b, c, . . . . 

9. Explain any symbols used in a table. 
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Text 

1. Allow plenty of time for writing:. Use a simple, direct style wliicl) is 
condensed, but not so condensed as to be cryptic or to sacrifice precision 
and clarity. 

2. Organize Ihe material following logical sequences and not according to 
the order in Avliich ex})eriments were j^erformed. 

3. Arrange the paper so that a reader can glance over it rapidly and can 
locate easily any special part he Avishes. 

4. Revise the manuscript until it has unity, coherence, emi)hasis, and 
ac(*uracy, and until it is so (4ear it cannot be misunderstood. 

5. Avoid pom|)ous, pedantic*, or wordy expressions and unnecessary detail. 
However, give all the facts necessary for a well-trained person to repeat 
the experiments. 

6. Be objective regarding your own results and those of others. Avoid 
teleological statements. 

7. Make sure that the reasojiing follows a well-recognized system of logic. 
LikcAvise, be sure that in each experiment or test you used an acceptal)le 
method. 

8. Avoid long literature reviews and an excessive )vuniber of citations, but 
do not ignore relevant work of others. 

9. Distinguish clearly between statements supported by experimental evi- 
dcjice and those based on speculations. 

10. Use headings and siib-heads, as Avell as good paragraplis, to enable the 
reader to ^‘skim’^ the article for its general subject matter and to locate 
quickly any detailed |)art he seeks. 

11. Provide a summary, usually not longer than 3 per cent of the paper, in 
which the contributions are stated clearly and siiccinctly in spe(*ifi(t 
terms rather than in general statmnents of the field covered. 

12. Tjet tabular data and illustrations speak for themselves. Confine the 
text discussion to the meaning of the data. 

13. Avoid presenting data in duplicate or triplicate, e.g., in gra])hs and 
tables, or in graphs, tables, and the text. Choose the best oi' tlie tliree 
forms and omit the others. 

14. Although expc*riments must be done over and over to make* sure of tlie 
results, present only repr(\sentative or summarized data. 

15. Explain new terms and terms not in gemu-al use. State the chemical 
composition of fungicides. 

16. Provide a Latin summary with the description of a new fungus species. 

17. Number tables, text figures, and footnotes (beginning each series Avith 
1, 2, 3, ... ) consecutively throughout tlie yiaper. 

18. Employ the* conventions regarding, for example, abbreviations, plant 
names, and references to figures, tables, and literature citations. 

19. Type the final copy with heavy black ribbon, Avitli double space, and 
with ample margins on white bond paper. Approximately 81 by 11 
inches is the preferred size for paper. If the first carbon is sent Avith 
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the original, more rapid review may be achieved. Keep a carbon both 
for reference and insurance against loss. 

20. Plan papers that will occupy less than 2.printed pages as ^‘Phytopatho- 
logical Notes. 

Literature Cilations 

1. Handle 4 or less literature citations as footnotes. 

2. Arrange 5 or more literature citations alphabetically according to 
author at tlie end of the paper under the heading ‘‘Literature Cited.’' 

3. Provide a. comx>lete citation—author or authors, comi)lete title, complete 
refercvnce to journal, bulletin, circular, book. . . . For a journal give 
volume, limiting pages, and year of publication. For a book give edi¬ 
tion, total number of pages, year of i)ublication, and city whei*e pub- 
lislied, 

4. In the body of the i)a])er refer to literature citations by number. See 
that the iiuml)ei's in the text and in the “Literature Cited" correspond 
without any left over. 

5. Check (‘very l(‘i ier and every number in the literature citations against 
the original. 

Fin ishing I terns 

1. It is hoped the auliior can answer “Yes" to the following ciuestions : 

(a) Have you critically reexamined the methods, experiments, and 
conclusions ? 

(b) Will further repetitions of the work yield the same results and 
conclusions? 

( c) Have you eliminated all unnecessary materials from text, tables, 
and figures! 

(d) Have two (lualified colleagues criticized the manuscript? 

(e) Has a competent statistician examined the tables and calcula¬ 
tions ? 

(f) Have you met the conventional recpiirements regarding illustra¬ 
tions, tables, legends, and references to them? Will the text 
figui'cs and tables fit |)roperly on the printed page? 

(g) Is there a reference in the text to every table, figure, and item in 
the “Literature Cited"? 

(h) Have you checked every entry in the “Literature Cited" against 
the original? 

(i) Have you pre])ared a table of contents showing the ranks of vari¬ 
ous headings and sub-headings? 

(j) Aft(‘r the paper was finished, did you lay it aside for a month and 
reexamine it critically with a fresh view^point and without bias? 

(k) If re(iuired, has the jiroper administrative officer approved it? 

(l) Is PHYTOPATHOLOGY the best avenue for publication? 

2. After two anonymous reviewers have criticized the manuscri])t, it will 
be returned to the author, if necessary, for his further consideration. 
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8. The author may be charged for an excessive number of tables, line cuts, 
and half tones if such materials all together exceed one-fifth of the total 
number of pages. 

4. Authors will make corrections promptly on the galley proof (not on the 
original manuscript). Mark typesetter’s errors in red ink and author’s 
changes from copy in black ink. Return the proof promptly and send 
back with it two copies of an abstract and any order for reprints. 

5. The author will be charged for any excessive changes of proof from the 
text. 

6. Care in observing these conventions lind suggestions will help the edi¬ 
torial staff and will enable colleagues to share the pages available in the 
journal. 

Department of Plant Pathology, 

University op Wisconsin, 

Madison, Wisconsin. 
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PHYTOPATHOLOGIOAL NOTES 


A Pycmdtal Strain of Macrophomma phascoli? —During' the course of 
work on root rots of snap beans in Georgia, a strain of Macrophomina 
phaseoU (Maubl.) Asliby which produces pycnidia and ])yciiosj)ores abun¬ 
dantly on agar media was isolated. This pycnidial strain (culture No. 75) 
was obtained from infected liypocotyl tissue of a snap bean seedling having 
symptoms of (diareoal rot at ExpeT^'irnent, Georgia, on May 25, 1944. Tlie 
isolate was typical of AI. phaseoU, fanning a black crust of selerotia over the 
surface of the medium. In about two weeks pycnidia appeared anmng the 
selerotia. Pycnospores embedded in a viscous fluid oozed from tlie pycnidia 
and colk'cted in white, opaque droplets plainly visible to the naked (\ye. 
Fifty p^'cnospores taken from a culture on three j:)er cent malt agar measured 
14.0-50.8 X 7,(f-11.2 p. A year later 20 single pycnospore isolations were 
made from tins strain. All of these isolates were similar to the original 
strain; and all produced ])ycnospores on agar media, indicating that tlie 
strain was genetically stable. 

Among the 58 isolates of Alacrophornlna phaseoli which have been exam¬ 
ined ill this study, culture No. 75 is tlu* only one that has ])roduced pvQ- 
nidia on agar media. Attempts were made, therefore, to find some means of 
inducing tlie otlier isolates to form pycnidia in culture. Tlie most satisfac¬ 
tory method tried was the following: Dried* snap bean stems wen» cut in 
10-inch lengths and soaked thorongldy in wmter. The stems were then in¬ 
serted in large culture tubes 12 inches long, their basal portions being 
immersed in water to a depth of tAVo inches. After sterilization, the bean 
stems w^ere inoculated Avith various isolates of the fungus. The majority of 
the isolates formed scattered pycnidia somewliere along tlie bean stems 
witliin one month. Tlie pycniilia were often elongated, compound, coralloid 
structures projecting above the crust of selerotia. By this method, 55 differ- 
eni isolates of 31, phaseoli were tested for tlie jiroduclion of pycnidia. Of 
these isolates, 17 were from Georgia and 18 Avere from various other states. 
Three of the isolates from Georgia were furnished by Dr. J. L. Weimer, one 
from Georgia by Dr. G. E. Thompson, four from California by Dr. W. C. 
Snyder, one from Maryland by Dr. R. W. Leukcl, two from Nebraska by Dr. 
J. E. Livingston, and one from California, four from Texas, and six from 
Oklahoma by Dr, E. (J. Tidlis. As is sliowm in table 1, only 20 of these iso¬ 
lates formed pycnidia. The pycnospore dimensions recorded in the table 
w^ere obtained from mcasurenKmts of 25 pycnospores from each culture. The 
isolates f]*om sorglium appeared to have been maintaim^d in cidture for some 
time and to have degenerated to forms that produced an abundance of light- 
colored aerial mycelium and few selerotia. Changes in the fungus produced 
by growth on artificial media may explain the failure of these isolates to 
produce pycnidia. Most isolates of M. phaseoli undergo such changes in 

1 Paper No. 151, Journal Series, Georgia Experijiient Station. 
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culture. It seems desirable, therefore, to work with freshly isolated cul¬ 
tures whenever it is possible. It must be noted, however, that of the 17 
strains from Geor^na, the majority of which were freshly isolated, three 
failed to form pycnidia in culture under any conditions. Nevertheless, it 
was possible by this metliod to demonstrate the ability of most of these iso¬ 
lates of M. phmeoli to form i:)ycnidia, althoiijjrh only a single isolate of the 
fun^^nrs formed pycnidia on ajsar media. 

TAP>LE 1 .—iJimcnHions of pycnosporcs produced in culture on snap heart stems by 
various isofatcS‘^ of Macrophomina phaseoli 


Culture No. 

Plucc of 
origin 

Host 

Dimensions of 
pycnospores 

20 

Georgia 

Cowpea 

Microns 

21 

do 

do 

14.0-28.0x6.2- 8.4 

24 

do 

Lima bean 

14.0-28.0x5.9- 8.4 

25 

do 

Cassia niciitaus 

19.6-28.0x8.1-11.8 

4.^{ 

do 

do 


27 

do 

Cro la la rin i n hrmtd i a 

19.6-26.6 X 8.4-10.6 

28 • 

do 

Lespcd( 2 a sp. 

36.8-22.4x6.2- 9.0 

20 

do 

Lactuca sea riot a 

16.8-33.6x7.8-11.2 

45 

do 

Coffee we(‘d 

14.0-33.6 X 8.2-11.2 

46 

do 

do 

16.8-26.6x8.4-11.2 

70 

do 

SAveet pobito - 

. .... 

34 

do 

8nap beau 

21.0 -29.4 X 7.0- 8.4 

35 

do 

do 

16.8-33.6 X 6.2- 9.0 

36 

do 

do 

16.8-30.8 X 8.1- 9.8 

37 

do 

do 

14.0-22.4 X 7.0- 8.4 

38 

do 

do 

16.8-20.6 X 6.2- 9.8 

75 

do 

do 

11.7-22.4x8.4-11.2 

31 

Oulifoniia 

Cantaloupe 

16.8-^33.6 X 7.8-11.2 

32 

do 

Tied Kidney beau 

19.6-30.8 X 6.2-11.2 

33 

do 

Bean ... ^ . 


42 

do 

Tomato 

19.6-30.8 X 6.2-11.2 

85 

do 

Sorgliuui - * * 

- „ . . 

30 

Ma rylaud 

Run lloAA'er 

.•. 

41 

Nebraska 

Corn 

19.6-30.8x7.8-11.2 

88 

do 

Sorglium 


■ 30 

Texas 

CoAvj»ea 

16.S-28.0 X 8.1-11.2 

40 

do 

Sorghum 

14.0-21.0 X 7.8- 9.8 

84 

do 

do 


86 

do 

do 


87 

Oklahoma 

do 


89 

do 

do 


90 

do 

do 


91 

do 

do 


02 

do 

do 


03. 

do 

do 



» Flftoeii isolates failed to produce pycnidia in culture. 


Inoculations w'ith pycnosporcs from culture No. 75 were made on Tender- 
prreen snap bean plants of all ages from the seedling stage to full maturity. 
Drops of a suspension of pycnospores were placed on non wounded stems and 
leaves. After allowing the inoculum to dry, the plants were placed in a 
moist chamber for 48 hours. They were then returned to benches in the 
greenhouse. Lesions appeared on the stems and leaves within twn weeks, 
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resulting in the death of leaves and portions of branches and, ultimately, of 
entire plants. Excellent results were consistently obtained from inocula¬ 
tions with pycnospore suspensions when other methods of inoculation failed. 
Inoculations through the soil with oat cultures of Macroi:>}iO‘mina phaseoli 
were successful only when the soil was inoculated prior to planting. The 
seedlings then be(*anie infected during emergence. It seems probable that 
more satisfactory results from irioculations with M. phaseoli on other crop 
})lants might be obtained, if inoculations after emergence were made with 
pycnosi)ore suspensions. 

Since use of this pycnidial strain has greatly facilitated inoculation 
exj)eriments with Macropliomhia phaseoU on snap bean, it is offered to 
pathologists who are working on diseases of other caused by this 

organism in the belief that it may be helpful to them. Cultures may be 
obtained upon reijiiest to the (leorgia Experiment Station.—E. S. Luttrelij, 

Georgia Experiment Station, Experiment, Georgia. 

/ 

Resistance to Cercospora apii Frcs. in Celery {Apiuni graveolens var. 
dulce ).—The ear*ly blight disease of celery caused by Cercospora apii Eres. 
is one of the most destructive and wid(‘spread diseases of this crop. It occurs 
throughout tlielJuited States, but is particularly destructive in the southern 
states. In Florida it is necessary to apply Bordeaux mixtureor other pro¬ 
tective fungicid(‘s 12 to 16 times during the growth of the crop to control the 
disease. 

Variety trials over a period of yeurs at the Evergladt*s Experiment Sta¬ 
tion, Belle Glade, Florida, have failed to disclose a commercial variety of 
celery sufficiently resistant that it coidd be grown without the use of fungi¬ 
cides. However, in ]94() 41 forty-eight foreign collections of celery were 
planted at Ih^lle Glade, Floi'ida, and these were examined for resistance to 
early blight. The collectiou of varieties had been made by plant ex})lort‘rs' 
of the United States l)e|)artmeul of Agriculture and liad been releast^d to llie 
Everglades Ex[)eriment Station by the Department of Agricvdture. Among 
this collection of foreign celeries there were seven varieties originally from 
Turkey wlrich remained free ()f early blight lesions and produced vigorous 
plants. This was in contrast to the extreme siisceiitibility of all (‘ommercial 
varieties from the United States. 

The resistant Turkish celeries were dark green, hollow-petioled, strongly 
flavored plants, closel>’^ resend)!ing celeriac. Tliey i>robably were types used 
for cooking rather than as a gnjeii salad. There was no possibility of devel¬ 
oping promising Jiew varieties by selflng of single-plant selections from tluvse 
varieties. 

Since climatic factors operate against successful breeding of celery in 
Florida, a number of plants from the seven early-blight-resistant varieties 
were tak(^n up and shipped to the Department of Plant Breeding at (^oimel! 
University in xM.arch and April, 1941. Only one of these plants flowered 

1 F. Tj. VVcllman and TT. L. Wcstover. 



1946J 


Phytopathological Notes 


981 


during the summer of 1941 and an attemj)t to hybridize it with Cornell 19 
failed. The other plants produced no inflorescence during the summers of 
1941 or 1942. After storage in a cold-frame during the winter of 1942-43, 
the plants were taken into the greenhouse late in January. Tw^o plants 
flow^ered in May, 1943, and were eaged with Cornell 19 plants wdiich w^ere 
in flower. Flies were used to effect cross-pollination. Seed was obtaiiied 
during the summer from each of the eaged plants, and it w^as later learned 
that the following four crosses were established: PEI 115557 x Cornell 19, 
Cornell 19 x PEI 115557, PEI 120875 x Cornell 19, and Cornell 19 x PEI 
120875. 

The Pi plants were growui in a greenhouse at Cornell University during 
the wdnter of 1943-44 and flowered in April, 1944. Nine Fa lines from these 
crosses wtu'c grown in the field at Belle Glade, Florida, during the winter of 



Fig. i. An F., Ijiu* of colory having a high degree of resistance to Ccrcospora npH 
(at left) nnd n siisce])ti)7le eoinoMTcial vnriety (nt right). 


1944- 45. Most ol' the plants in these lines were very large, dark-green, 
liollow'-petioled, and considerably tnore resistant to Corospora npii than 
('Ojimu'rcial varieties. There were a few plants which had segregated to 
solid petioles. These offered the oi)|>ortnnity long desired of combining dis. 
ease resistance with a hortieulturally acceptable plant typ(\ Twenty-eight 
Fo plants were selected as highly resistant to Ccrcffspora apii. All of these 
had solid, fleshy ])eti()1(‘s. Some were as green as Pascal celery, while others 
were a lighter green. Two selections were of the self-blanching type. The 
selected plants w(‘re shipped to Ithaca, N. Y., in March, 1945, and seed wuis 
obtained from seveiitceii of them during the summer. Nineteen otlier F- 
lines selected at Ithaca the previous summer also produced seed during 1945. 

A planting of 35 F;, lines was made at Belle Glade, Florida, during the 
winter of 1945-40. No protective fungicides were ap]>lied. Bei‘ore the selec¬ 
tions were made the i)lants w^ere scored on the basis of ap])arent resistance 
to Cercospora apii. A score based on 10 points for complete snsceptibility 
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was used. Ijines scoring’ 1 or 2 had less blight than usually occurs in well- 
sprayed fields of cominereial varieties. Scores above 3 would indicate too 
mucJi bliglit, mid if above 6 the celery would be worthless. On this basis 
three lines were scored 1; five were scored 2 ; ten were scored 3; twelve were 
scored 4; two were scored 5; two were scored 6 ; and one was scored 7. The 
Kilgore Pride variety grown in tlie same plots was scored 8 . Figure 1 
shows a blight resistant F.^ line at the left, and a susceptible commercial 
variety at the right. 

The resistance to Cercospora apii in these new celeries is due to more 
than a single genetic factor. There has been a segregation of plants inter¬ 
mediate between fully resistant ami (completely susceptible in the F^ and F 3 
generations. Even in the more resistant lines, there is evidence that the 
expression of resistance is modified by age and unfavorable cultural con¬ 
ditions. The green plants are usually more resistant than the self-blanching 
types. Most of the self-blanching segregates proved to Ixi susceptible. 

Green color in the petioles is dominant over the self-l)lanching hal)it. 
Fo ratios apj)roximating 3 green to 1 blanched indi(cate that the green color 
is due to a single doirdiiant factor. The intensity of the green color varies 
and appears to be controlled by modifying factors. 

Hollow-petiole, or pitliiness, was fully dominant in the and showed 
an Fy segregation approximating a 3 to 1 ratio at Ithaca, wliiU* at Belle Glade 
the percentage of solid-petioled plants in the F^ seem(*d to be iiiiich lower. 
This suggests that there may be a modifying factor oi- i‘a(dors atfecting the 
expression of the 3 to 1 ratio for ])itlviness under certain climatic or cultural 
conditions. 

Red color wiiieh occurs in the petioles of some lines is inherited as a 
simple dominant. The P 2 generation showed a segregation of 3 ixmI to 1 non- 
red. This color is expressed most strongly near the base of the petioles. 

The inluTitaiKte of tlie factors for ribbed or smooth ])etioles lias not been 
studied, althongh it was obsm-s ed that the majority of tlie lines are moia* or 
jess ribbed. A few of tlie F.i selections liad extremely smooth petioles. 

The (piality of sev(‘ral of the F;, selections is liigh. They liave very hf‘avy, 
crisj) petioles, and are not stringy. In some lines the base of the petiole is 
somewhat flared, and thickened. liil) length varies from 7 to 15 inches in 
the different lines which have been selected. The fact tliat the b(‘st select ions 
are of the green sorts sliould be 110 hindrance to the (hna^lopment of new coin- 
niercial vai ieties from tliem. Pascal-type celeries have been gaining in ])opn- 
larity and may ultimately supplant the self-blanching celeries'in consumer 
preference. The new celeries have an unusual flavor wliicli is (hdicious in 
mixed green salads.— G. R. Townsend, Evtvrgladc-s Exiieriment Station, 
Belief Glade, Florida, and Ji. A. Emerson, Department of Plant Breeding, 
and A. G. NEWiiAiiL, Department of Plant Pathology, Cornell Thiiversity, 
Ithaca, N. Y. 



SOIL ACTINOMYCETES APPLIED TO BANANA PLANTS 
IN THE FIELDS 

C 1. 1 1*’ 1' 0 R 1> IT . M R R K D I T H 
(A(*copt(‘d for publication July 27, 194()) 

In November, 1942, the writer (1) observed that an actinomyeete, a 
Slrepiomyces, isolated from a eompost heap in a banana area near Port 
Maria, Jamai(ta, British AVest Indies, was antaj^^mistic to Fumriuni oxy- 
spormn S(*hl, var. cuhen.se (E.F.Sm.) AA^r. and the Panama disease 
fun<»'us. A survey was then made to determine the prevalence of orj»:anisms 
antagonistic to F. axysporum ciihen.sc in banana soils in Jamaica (2). One 
Imndred and twenty-two organisms having sneli antagonism in eultiire were 
isolated; 66 were slightly antagonistic, 39 antagonistic, and 17 very antago¬ 
nistic. Five of the aetinomycetes classed as very antagonistic, numbers 412, 
512, 569, 976, and 1182 in table 1, Averc used in field experiments and are 

TAIVLE 1. —The antagonUtic effect of variou.s aetinomycetes on the growth of 
Fusarium oxyspornm cubcn.se on Orange Fiver soil-solntion agar 


Distniicc Fusarium growth towards 'letinomycetes 

Actiuoiny- plaiitc;d ___ 

fro in 

T'usariuui ^ <l‘*ys 20 days 35 days 



cm. 

on. 

cm. 

cm. 

1182 

1.3 

0.5 

0.8 

0.6b 

569 

1.3 

0.7 

0.7 

0.7 

341 

1.3 

0.9 

1.0 

1.0 

448 

1.3 

1.0 

1.1 

1.1 

344 

1.2 

1.1 

1.0 

1.1 

487 

l.I 

1.1 

1.1 

1.1 

462 

1.3 

1.0 

1.1 

1.3 

97(5 

1.3 

1.0 

0.9 

1.3 

153 

1.3 

1.1 

1.3 

1.3 

412 

1.3 

1.0 

1.5 

1.3 

512 

1.5 

1.2 

1.0 

1.5 

947 

2.0 

2.0 

2.1 

1.9 

671 

J.4 

1.4 

3.4c . 

3.6 

45 

1.1 

3.6 

r).3«i 


918 

1.4 

1.4 

5.6 


188 

1.4 

3.0 

6.0 


1 

1.1 

2.8 

6.3 


N^one 

Flieck 

3.1 

0.0 


None 

Check 

2.9 

5.4 


None 

Check 

2.9 

5.8 



a IvSolated from fields outside the Orange River area. 

^ Shrinkage indicates lysis. 

Where the growth is greatiT than the distance apart the Fusarium crossed over the 
line of tin? aetinomycetes. 

The Fusarium liad grown to the bottom of the test tube. 

referred to in this paiier as general aetinomyeetes. The antagonism of some 
of these isolates Avas substantiated by Thaysen and Butlin (4) avIio obtained 
cultures of these actiiiomyeetes and of F, oxysponim cuhense from the 
National Type Culture Collection in England. 

1 AckiioAvlodgment is due the Jamaicsi Banana Producers' Association and the plant¬ 
ers in the Parish of St. James for support in tliis research. 

\m 
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In order to test these j 2 :eneral actinomycetes under fieJd conditions plans 
were made with the Director of Aj^riciiltiire for Jamaica for an extensive 
field experiment at the Orange River Experiment Station of the Department 
of Agriculture in one of the chief banana growing areas in the island. The 
site selected for the experiment was known to be heavily infested with 
Fusarium oxysporum c^il)ensc, as banana j)lants with Panama disease had 
been removed only a few months previously (3). 

MATERIALS AND METHODS 

The general actinoiiiycetes wer(|^grown in test tubes with Fusarium oxy- 
sporuni cul)(:us(' on Orange River soil-solution agar at 1.0 to 2.0 cm. apart. 
None of them exliibited as mmdi antagonism on tliis medium as on agar made 
from their own soils, although one gave almost equal results. Tliese acti¬ 
nomycetes were increased for use in the field. 

Samples of Orange River soil were examined for antagonistic actinomy- 
cetes. Of tliose found, 1 was antagonistic and 7 were slightly antagonistic. 
Tlie 1 antagonistic and 3 of the slightly antagonistic cultiu'e strains were 
increased, Tor field tests, by growing them on guinea grass and soil in liter 
flasks. The (H)ntents of the flasks were mixed together, tliinned with water, 
and sprinkled over the soil and suckers before the suckers were planted. 
Suckers were obtained from the Orange Riv(‘r projierty. 

There were five different i)lot treatments with 15 stools in each bed and 
7 replications. The treatments were as follows: 

Treatment No, 1. Check. This was the customary clean cidture method 
of banana growing in the area. 

Treatment No. 2. Mulch. Green guinea grass was (*ut from contour 
strips and phased around the stools. 

Treatment No. 3. Suckei*s and soil were inoculated at the time of plant¬ 
ing with a mixture of the 5 general actinomy(*etes. 

Treatment No. 4. This was the same as treatment No. 3 with midch 
added. 

Treatment No. 5. Suckers and soil were inocidated at the time of plant¬ 
ing with a mixture of the four actinomycetes from Orange River soil and 
mulch w^as added. 

Green guim‘a grass was aj)i)lied three times during the year on the 
mulched beds. 

Srndvers were planted on May 23, 1944. Growdh measureinents consist¬ 
ing of height of ]:)lant, circumference of base, width of widest leaf, and num¬ 
ber of leaves wei*e made on August 8 and Oidober 10, 1944, and on May 9, 
1945. Record of Panama disease occurrence was also kept. 

RESULTS 

Oeneral Actinomycetes 

Mean growth measurements of plants in plots treated with general acti- 
nomyeetes were higher than mean growth measurements of plants in check 
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])lots in August and October readings. The difference in height in October 
was statistically significant. 

Plants in plots treated with general actinomycetes gave higher mean 
growth measurements in August and October tlian plants in plots treated 
with general actinomycetes and mulch. Three of these differences were 
significant in August and two in October (Table 2). 

TABLI^] 2.— Means of ffrowtli measnremenls for hanana plants 


Treatment 

Height 

Cireum- 

fereneo 

Width of 
leaf 

Niimher of 
lejives 


inches 

inches 

inches 


August <S’, 1944 





Cli(‘('k . . . 

. 34.07 

4.06 

9.39 

8.64 

Miileli . 

. 20.08 

4.C9 

8.71 

7.87 

Ael iuoniA'CCtes 

. 34.51 

5 C3 

10.24 

9.11 

ActiiifunyceteH }»liis muleli . 

. 30.00 

5.05 

9.22 

8.10 

idver aetinumyeetes plus 

mulch 35.51 

5.32 

i!).63 

8.83 

F . 

. 3.Hv‘ 

1.2 

3.42a 

4.22b 

M.S.D.. .. 

. 4.35 


1.23 

0.73 


Octohcr .10, 1944 


t'lieek .. 

57.33 

8.13 

14.07 

J0.06 

Mulch . 

57.02 

7.87 

14.57 

10.47 

A«4.iu()inv('etes 

65.14 

9.04 

10.05 

10.09 

A<'1 iiioiiiplus mulch . 

59.70 

8.29 

15.50 

10.02 

Orange Uiver aetinomycetes plus mulch 

70.84 

9.00 

17.18 

10.73 

F . 

M.S.T). 

8.45b 

0.03 

3.07-'^ 

1.1 

3.2a 

1.73 

1.0 


« SigiiifK'niit value, 2.78. 

Highly significant value, 4.22. 

The Effect of Mulch 

Plants in plots treated witli mulch alone were usually smaller than 
uiiniiilehed plants in clieek plots. 

Plants in ])lots treated with general actinomycetes and mulch were usu¬ 
ally sinalhn* than plants in plots treated with general actinomycetes without 
mulch. The difference in the number of leaves in August was significant 
(Table 2). 

Orange River Acfinonijfcefes 

Banana plants in idots treated with Orange River actinomycetes on mulch 
gav(‘ the highest readings in tliree out of four measnreimmts in August and 
in all measurements in October. 

In August, })lants treated with Orange River actinomycetes on mulch 
gave significantly liigher measurements in height, leaf width, and number 
of leaves than those treated with mulch alone and those treated with general 
actinomycetes on mulch. Plants treated with Orange River.actinomycetes 
also gave significantly liigher measurements in leaf width than those in 
check plots. 
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In October, plants treated with Orange Eiver actinomycetes on mulch 
gave significantly higher measurements in height, circumference, and width 
of leaf than those in check plots and in plots treated with mulch alone. They 
also gave significantly higlier measurements in height and circumference 
than plants in plots treated with general actinomyc^etcs on mulch (Table 2). 

Panama Disease Occurrence 

During the first five months symptoms of Panama disease appeared in 
26 stools (Table 3). These stools were distributed as follows: Check, 2; 

TABLE 3. -Occurrence of Panama dut ofte in the cliccl', mulched, and actinomjjcete- 
trealcd beds from date of pUmting, May W44, to May 9, 194d 


Plants witli Pniiama 


Treatnieiit 

Missing 

stools 

Mny to 
Oct., 
1944 

Oct. to 
May, 
1945 

TTonlthy 
stools, 
May, 1945 


No. 

No. 

No, 

No. 

Chock . 

.3 

o 

71 

29 

Mulch . 

3 

5 

75 


Actinomycolcs . 

0 

12 

53 

38 

Actinoinycctos plus imilch . 

3 

3 

73 

26 

Orange Kiver uctinomycctos plus nuilch 

J 

4 

75 

24 


Mulch, 5; General actinomycetes, 12; General actinomycetes with muhdi, 3; 
and Orange River aelinomyc'etes with mulcli, 4. >Such early attacks are 
generally attributed to infection in the suckers before they are plant('d. 
During the last seven inont':s 348 stools went down with Panama disease. 
The final distribution of diseased stools was: General actinomycetes, 53; 
Check, 71; General actinomycetes with mulch, 73; Mulcli, 75; and Orange 
River aciinomycetes on mulch, 76. 

DISCUSSION 

The general actinomycetes which had been classed as very antagonistic'’ 
on their own soil had less effect on growth of banana plants in Orange River 
soil than Orange River aetinomyc'etes, in spite of the fact that tlie latter had 
been classed as ^‘ antagonistic'' and ‘^slightly antagonistic.'' This fact raises 
the question of the essential nature of such antagonism. 

Mulch, in these experiments, appeared to be detrimental to the growth 
of banana plants. This is in agreement with the fact that clean culture 
methods of banana cultivation have been found to be most satisfactory in 
Jamaica. 

The plants in plots treated with Orange River actinomycetes and mulch 
gave the highest measurements the greatest number of times. The detrimen¬ 
tal effect of mulch was apxiarently overcome to some extent by the presence 
of antagonistic actinomycetes functioning on their own soil. 
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The Oi'ange River plot on ^vhieh these experiments were carried out was 
Icnown to be heavily infested with Fusarium oxysporum cuhense. Some of 
the plots from which the ‘S-ery antagonistic’^ general actinornycetes Avere 
taken were knoAvn to be areas in which the spread of the disease had been 
less rapid tlian was the general rule. Even though the disease was present, 
over a period of several years fewer plants had succumbed to it than in 
nearby areas. The nature of this ‘‘natural resistance” was not knoAvn. 
Waksman (5) states that “20 to 40 per cent of all actinornycetes are knoAvn 
to be cax)able of producing antibiotic substances.” This might have some 
bearing on tlie case as the most antagonistic actinomycetes came from fields 
where natural resistance was high. 

Althougli the idiots treated with tlie general actinomycetes iiroiluced the 
largest number of plants free from Panama disease, the difference was not 
significant becaust^ of the wide Nariation in the number of diseased iilants 
in tlie replications within the treatments. 

Tliere was also indication that the mulch increased the occurrence of 
Pananni diseas(‘ but again the difference was not significant. It must be 
Xiointed out that only one* application of actinomycetes was made in these 
experiments at the beginning when the plants were set out. 

summary 

Significant dilfereiiees in growth measurements were found to exist be- 
tw<‘en xilants grown on plots treated with actinomycetes of varying degrees 
of antagonism and those groAvn witliout such treatment. 

Treatment Avitli “antagonistic” and “sliglitly antagonistic” actinom.y- 
cetes on their own soil resulted in greater growth imu’eases in banana plants 
than did the treatment witli “very antagonistic” actiiiomycetes from other 
soils. 

Growth measurements ol‘ plants treated with muleh did not eompare 
favorably Avith those of unmulclied plants. 

Plots treated Avith “very antagonistic” actinomycetes from other soils 
produced feAver pbints Avitli Panama disease than did plots treated Avith 
“antagonistic” and “slightly antagonistic” actinomycetes from Orange 
River soil. 

Botany and Plant Pathology Section, 

Iowa Aghkujltiuul Experiment Station, 

Ames, Iowa. 
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HELMJNTHOSPORIUM ROT OF TOMATO FRUITS 

L . P . M C C 0 L L 0 C H 1 AND FLORA G . P 0 L I. A C K 2 
(Accepted for publication August 8, 1946) 

The demand for fresh tomatoes in the United States from November 
until May is greater tlnni the domestic supply. The importation of tomatoes 
during this period is primvipally from Mexico, Cuba, and Haiti. Mexico 
alone shipped more than 8,000 carloajls of “green-wrapped” tomatoes into 
the United States and Canada during the 1944-45 season (9, 10, 11). The 
producing areas are largely confined to three States in Mexico; Sonora and 
Sinaloa on tlic west coast with an estimated 49,000 acres planted for the 
1945-46 season, and Tamaulipas on the east coast with 6,000 acres. 

In the past 11 years United States plant (juarantine inspe(‘tors hav(‘ occa¬ 
sionally intercepted fruits with decayed spots that were unlike the usual 
tomato diseases encountered in the domestic crop. The first interception of 
this disease was made from a shipment of tomatoes from Mexico in April, 
1934, by J. R. Wood of the Bureau of Entomology and Plant Quarantine, 
U. S. Department of Agriculture. Since that time 16 additional interc(‘j)- 
tions of diseased fruit from Mexico, 2 from Haiti, and 1 from British Guiana 
have l)een made by plant quarantine inspectors. 

The diseased specimens w(Te sent to Jolin A. Stevenson of the Division 
of Mycology and Disease Survey, U. S. Department of Agriculture, who sug¬ 
gested that the disease and causal organism be studied. 

DE^’CRIPTION OF DISEASE 

Specimens of the rot intercepted at ports of entry were characterized by 
(urcular to irregular areas on the fruit, 10-30 mm. in diameter, covered by 
a dense weft of dark gray to almost bla(*k my(‘elium wliich comphdely ob¬ 
scured other spot characteristics. 

The fungus was isolated from the intercepted sjiecimens and the isolates 
were used to inoculate mature green tomatoes, and from these the character¬ 
istics of the rot were observed. 

The lesions were flattened to slightly sunken, at first circular, but becom¬ 
ing irregular as the decay advanced. Considerable variation was found in 
the surface coloring of the lesions, but in general it was distinct from other 
tomato rots. The tissue about the point of infection was usually dark or 
black. The most variable character was the extent of the cream-colored area 
surrounding the dark center. It was nearly always present at temperatures 
of from 60'^ to 80° F. and served as a striking diagnostic character (Fig. 1, 
A, B). A darker area ranging from bay to burnt sienna to mahogain’ red ' 

1 Associate plant pathologist, Division of Fruit and Vegetable Crops and DUeases 
and 2 assistant mycologist, Division of Mycology and Disease Survey; Bureau ot Plant 
Industry, Soils, and Agriculturnl Rugineering; Agricultural Research Administration; 
United States Department of Agriculture; Beltsville, Maryland. 

3 The descriptive color terms used in this paper are those given in Robert Ridgvvay ^s 
Color Standards and Color Nomenclature, 1912. 
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.surrounded the ereain-eolored area. Occasionally there were lesions that 
advanced slowly at 70" F., in which the cream-colored area never developed 
(Fi^*. 1, C). Siicli lesions resembled those caused by Alternaria. At lower 
temperatures, especially at 50" F., tlie spot was poorly defined; the funj^us 
penetrated the tomato so slowly that at the end of a week the ti,ssue was not 
completely killed, but had a bronzy appearance (Fig*. 1, D). When these 



FKi. L Tomato iiKuMilatrd when mature green with lli lminihosporhrm carpofioprum. 
A and B, tv])ieal deeav at 70- and at 80'^ F.; 0, variation also ])rodueed at 70^ F., which 
resoinbh'd Alternaria rot. D, symptoims of infection produced at 50*^" F. Photographs by 
Lilian A, Gin'niscy. 

fruits were transferred to higher temperatures the lesions gradually became 
like tliose developed at higher temperatures. 

Tlie rot consisted of a firm spongy mass of decayed tissue which extended 
deeply into the fruit but caused no offensive odor. When fruits with ad¬ 
vanced decay were cut, dark gray mycelium was (‘vident through the necrotic 
tissue. 

MORPHOLOGY OP THE FUNGUS 

Sporiferous areas can usually be located on diseased tomatoes by their 
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darker coJor, which is due to the dark-colored conidiophores borne singly or 
in clusters (Fig. 2, B) on the skin of the tomato. Conidiophores arc erect, 
many-septate, 140- 500 x 6-10 sometimes tapering to a width of 4-6 |j at 
the apex which is often paler. The base ot* the conidiophore (Fig. 2, A) con- 



FiQ. 2. Belminthosporium carposaprum: A, enlarged conidioplioro with bnmous 
base; B, typical conidiophores with conidia, developed on the skin of tomato; 0, conidial 
chain; I), type of conidiophore developed in culture; E, F, and G, variations in conidia. 
Photographs A And B by Marcel Foiibcrt, G through G by Lilian A. Guernsey. 
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sists ol* a thick-walled, dark brown, bulb-like cell, 12-16 x 10-12 jj. Under 
conditions of high humidity conidiophores are produced as lateral or termi¬ 
nal branches of the hyphae (Fig. 2, D). These are usually narrower (4-6 p) 
and may be very short projections from hyphae, or as long as the conidio- 
phores arising from a fruit. Geniculate conidiophores were not observed. 

Conidia are usually cylindrical, occasionally tapering, with an obtuse to 
rounded basal end and apex. The apex tends to become obtuse when secon¬ 
dary conidia are formed there. Long chains of acropetally produced conidia 
are frequently observed (Fig. 2, C). The conidia are sub-hyaline to dilute 
olivaceous, straight or curved, 1 15 septate, 28-220 x 6-12 [j, usually 120-160 
X 8-10 q (Fig. 2, E, F). Budded conidia are usually smaller, paler in color 
and often continuous (Fig. 2, G). Spores germinate by the i)roduction of 
one or two polar germ tubes which pass through the inconsi)icuous hila that 
may be formed at both basal and apical ends of spores. 

SYSTEMATIC TREATMENT 

From specimens received in 1934 and 1938, John A. Stevenson recognized 
the causal fungus to be distinct from Helmmthosporium tomato Ell. and 
Barth. (3) which is reported to occur on decayed tomatoes. In 1942 Miss 
Edith Cash working on two other sj)ccimens reported that conidial dimen¬ 
sions wej‘e similar to those of /feZm?‘a//io.s7mr/i/7a lycopersici Maub. and 
Kogcr, but tliat eonidiopliore length was different. II, lycopcrsici was de¬ 
scribed from tomato leaves in Africa by Maublanc and Roger (5) July 10, 
1936. Roldan (6) used the same binomial for a fungus which he described 
from leaves of Lycopersicon from Luzon, Philippine Islands, in the same 
year. Tiie account of his fungus appears in the June, 1936, issue of the 
Philippine Journal of Science, which was not actually published until Sep¬ 
tember 2, 1936, as noted in the table of contents of volume 60, for 1936. 
Maublanc and Roger, therefore have priority in the use of the name. It has 
not been j)ossible to determine whether the two fungi are synonyms due to 
lack of s])ecimens for comparison and to the inadequacy of the description 
of Maublanc and Roger. 

Comparison of Roldan’s description and illustrations with the Helmintho- 
sporiiim under investigation here revealed differences in size, shape, and 
color of the fructifications. A si)ecimen of Helminthosporium rhopaloides 
Fres. reported on dead tomato stems has been examined and found to have 
shorter and darker conidia and conidiophores (7; 8, Fig. 831). 

For the fungus under discussion, which does not appear to have been 
described, the name i/c/ra/’fi carpomprum is proposed, the specific 

epithet being suggestive of the fruit rotting effect. 

DIAGNOSIS'* 

Helmmthosporium carposaprum Pollack s^). nov. 

Maculae in fructibus Lycopersici esculenti plerunupie per mycelium prae- 

^ The juitbors wish to express their appreciation to Miss Edith K. Gash for her help 
in the prepnration of the Ijatin diagnosis, and to John A. Stevenson for his suggestions. 
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crassurn fumentem usque nigellum vestitae; couidiophora in peripheria 
rnaeulae, singula vel eaespitosa, fusca, recta, multi-septata, 140-500x6-10 p 
ad a])i(tem 4 6 p crassurn, pallidum attenuata, basi obsciiriori, ])achypleuro, 
bulboso; conidia acrogena, cylindracca, ad basim et apicem obtusa usque 
rolundata, interdum attenuata, recta vel curvata, subhyalina usque dilute 
olivacea (obscuro olivaceo-bubalina Itidgway), 1-15 septata, 28 -220 x 6-12 p 
frequenter 120-160 x 8-10 p plerumqiie catenidata. 

Lesions on tomato fruit predominantly cream-buff with a darkened 
area around the infection point, with the outer zone of the spot bay, burnt 
sienna, or mahoganj^ red. Spot chara«|ieristics usually masked by an over¬ 
growth of a thick weft of dark gray to almost black my celium. 

Conidiophores appearing around the edge of the si)ot, singly or in clus¬ 
ters, dark, erect, many-septate, 140-500 > 6-10 p, sometimes tapering to a 
wiJth of 4-6 p at the relatively paler apex, with a dark, thick-walled, bulbous 
basal cell, 12 16 x 10-12 p, attached to the skin of the fruit. 

Conidia iiroduced at the tips of the (?onidiophores only, usually in long 
eliains, cylindrical with obtuse to rounded base and ax)ex, sometimes taper¬ 
ing, straight or curved, sub-hyaline to dilute olivaceous (dark oliva('(*ous buff 
according to Ilidgway), 1-15 septate, 28 -220 x 6-12 p, most often 120 160 
X 8-10 p, germinating by means of one or two polar germ tubes passing 
through the hila. 

On fruit of jAfCopcrsicoii csciiicntum grown in Mexico, Haiti, and Britisli 
Guiana. Specimens are dei)osited in the Mycological Collections, Biu’cau of 
Plant Industry, Soils, and Agricultural Engineering, U. S. I)e[)arfnient of 
Agriculture (Type No. 71481 on inoculated tomatoes). 

cultukal responses 

carpomprum grew readily on various nutrient media 
such as cornmeal, string bean, praine, and potato-dextrose agar. The fungus 
also flourished on autoclaved green stems of tomato and of a coarse wild 
grass. Growth at 70'^ to 80*^ F. was ra])id and the fungus sporulattid witliin 
5 to 7 days. Irregularities in the size and sliape of s])ores and conidioj)hores 
are common in culture. Conidiopliores arise only as lateral or terminal out¬ 
growths of liyphae and are scarcely distinguishable from the mycelium. Tlie 
conidia are smaller in culture than on the tomato fruit, and frequently pro¬ 
duce secondary spores which in turn often produce still other spores. Long 
chains of these spores are common in culture as well as in nature. Similar 
tendencies toward catenulation have been reported by Drechsler (2), by 
Berg"(l), and by Olive (4). Another characteristic in culture is the pro¬ 
duction of sporophoric processes from the apices of spores, and chains of 
spores interspersed with these sporophoric structures are often seen. This 
characteristic has also been reported by Brechsler (2) and by Berg (1). 

TEMPERATURE STUDIES 

In the temperature studies of the fungus in the fruit, the temperature 
range was primarily confined to those encountered in commercial handling. 
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However, inoculated tomatoes were stored at 32°, 36°, and 40° F. to observe 
the possibility of infection at these lower temperatures. This wdder ranj^e 
was also employed in the studies on nutrient media. 

on tomato fruit 

Growth measurements of the funj^us lesions were made in order to obtain 
the rate at which decay developed at 80°, 70°, 60°, 55°, and 50° F. Mature 
<:Teen tomatoes used in this study were either purchased in a AVashington, 
D. C., market or oi'own at the Plant Industry Station. A series of four tests 
W'cre made using from 12 to 24 fruits for each temperature in each test. The 
fruits Avere washed in 50 per cent alcohol, dried, and inoculated by inserting 
bits of mycelium in small oblicpie wounds. One inoculation was made per 
fruit. The fruits Avere wrapped and stored at the above temperatiiros. 
Measurements were made after 7, 14, and 21 days had elapsed. FigiU’e 3 
show^s the effect of temperature on the rate of development of the lesions. 



Fig. 3. Effect of temp(?rature on rate of <levoIoi>mcnt of lesions on mature green 
tomatoes produced by Hdmhithosporium carposaprnm. 

Decay lesions developed slowly at all temperatures during the first week. 
At the end of 14 days and thereafter, there w-as a sharp contrast betw^een 
development at the higher temperatures of 70° and 80° and that at 60° F. 
and below% as is shown in figure 3. The indications are that a sizable rot can 
<levelop on mature green tomatoes during shipment and ripening when tem¬ 
peratures are about 70° F. or above. Ilow-ever, the fungus was tolerant of 
low^er temperatures. While decay at 60° F. and below wuis slow, it was in 
such a stage of development that the lesions enlarged rapidly when the fruits 
were removed to the ripening room at 70° F. The fruits w^ere weakened by 
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subjection to 32°, 36°, and 40° F.; no infection was evident at 32° or 36° 
during 30 days but there was slight infection at 40° F. after 10 to 14 days. 

ON AGAR PLATES 

Measurements to obtain the rate of growth of the fungus in culture were 
made at 80°, 70°, 60°, 55°, 50°, 40°, 36°, and 32° F. Five to 10 Petri plates 
with 20 cc. of Czapek’s agar were used at each temperature and the test was 
repeated. The inoculum, consisting of a small amount of mycelium, was 
planted in the center of the agar and the plates were stored immediately. 
Measurements of the diameter of the^colonies were made after 7, 14, and 21 
days. 



Fig. 4. Effect of temperature on growth rate of J/r4??iw//to.S'porium cariiosaprum on 
Tliaxter agar in Petri plates. 

Figure 4 shows that the Helminihospormm growth rate was approxi¬ 
mately twice as rapid at 80° as at 60° F., fully twice as rapid at 70° as at 
55° F. and about twice as rapid at 60° as at 50° F. No measurable growth 
occurred at 40°, 36°, or 32° F. during 21 days. However, when examined 
with a hand lens, the inoculum in those plates stored at 40° was found to be 
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covered with new j^rowth, while at 36^’ and 32° F. it seemed dormant. 
Colonies developed when these !)lates wxn-e transferred to room temperature. 

A comparison oi* the cliamcder of the fungus colonies on agar with the 
diameter of the lesions on the fruit at the end of 3 weeks sliowed that the 
(‘olonies on agar increased from 2 to 5 times as much as the lesions on the 
fruit at corresponding temperatures. 

INFLUENCE OF TEMPERATIUtE ON SPOKE GERMINATION 

Spores were placed in sterile water and in diluted jirune juice and stored 
at 80°, 70°, 60°, 55°, 50°, 40°, 36°, and 32° F. Within 24 hours germination 
had started at 50° F. and above. By the end of 72 hours, some spores were 
germinating at 40° F. and after 9 days about 35 per cent of these spores had 
germinated. Si)ores held at 36° and 32° were found to be dormant even 
after 22 days. 

EFI^'ECT OF FREEZING 

Vigorous cultures of the Ilcdminlhosporiivni on Thaxter’s agar slants 
were placed at 16° F. to determine the effect of such a low temperature on 
the survival of the fungus. Transfers from withdrawals after 6, 7, 9, 14, 
21, and 51 days gave viable cultures, but cultures exposed for 63 days were 
dead. 


INOCULATION EXPERIMENTS 

Tomato Plants 

As most species of llelniinfhosimriwm are associated with leaf-spotting 
diseases it seemed of interest to test the pathogenicity of the tomato fruit- 
rotting fungus on tomato plants. Potted iilants that had started to bloom 
Avere used for these tests. The leaves were punctured with a needle, making 
one or two groups of holes in each leaflet. The inoculating was done by 
atomizing an aqueous spore suspension on the }:)lants. Inoculated and non- 
inoculated plants were tlien placed in a humid chamber designed to keep the 
air automatically saturated wdth water. 

Extensive spore germination was observed in 24 hours in the unused 
portion of the inoculum wliich Avas left in the humid chamber with the 
plants. The margin of the ])unctui*es in the leaves became blackened after 
24 hours, but there Avas never any manifestation of disease. 

The experiment Avas repeated, and for part of the material to be inocu¬ 
lated plants Avere selected that Averc pot bound and pliysiologicall}" weakened, 
as shown by a general yellowing of the foliage. In the second test the vigor¬ 
ous plants (Pig. 5, B) again failed to develop the disease but necrotic lesions 
developed about the punctures of the devitalized plants (Fig. 5, A), from 
Avliich the Helmintliosporiimi was recovered. These experiments indicate 
that the fungus did not cause a leaf spot of tomato Avhen the plants AA^ere in 
a reasonably good state of vigor. In addition to the leaf inoculations, mats 
of mycelium Avere inserted into tlie plant stems, but failed to become estab¬ 
lished or cause lesions. 
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Tomato Fruits 

Mature j^recn tomatoes, when inoeulated by insertini|y a mat of mycelium, 
developed a sizable rot by the time the fruit was ripe, as is shown in the 
discussion on temperature studies. 

^To test a smaller amount of inoculum, mature jjrreen tomatoes were punc¬ 
tured with a sterile jieedle and dipped in an a(pieous spore suspension. Test 
lots were stored at 40". 50", 55", 60", and 70" F. Infection was erratic and 
slow. Lesions 1 to 2 mm. in diameter were evident on some fruits stored at 
60" F. for 9 days. 



Pig. 5. A, Leaf from devitalized tomato plant sliowiiif^ Ilelrnintljosporiiim losiooH 
forming around points of inocoilation. B, Leaf from vigorous plant failed to develop tin* 
disease*. Photograph by Lilian A. Guernsey. 


Olher Plant Products 

To study the behavior of this fungus further, fruits from certain other 
plants were inoculated by inserting a mat of mycelium under the skin, and 
storing them in moist chambers at 60" F. 

Slow decay developed on York Imp)erial apples (Malus sylvestris Mill.), 
scallop squashes {Curcurhita pepo Mill.) ; moderate decay developed on egg¬ 
plant fruit {Solanum mdongena L.) and bell peppers {Capsicum frutescens 
var. grossum. Bailey). The fungus was unable to cause infection in orange 
(CitnL? nm L. Osbeck) or lemon {Citrus limon (L.) Burm. f.) fruits. 

The decay lesions on the apple fruits were firm and remained small, about 
10 mm. in diameter, even though the fruits ^vere held until they broke down 
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from over-riponess. Round, firm lesions from 6 to 8 mm. in diameter devel¬ 
oped on scallop squashes in 9 days. The firm, round sunken lesions devel¬ 
oped slowly oil egiLTplant at first, measuring 10 to 15 mm. in diameter in 9 
days, but the decay continued to spread and eventually consumed a large 
part of the fruit. Decay developed more rajiidly on bell peppers with 
lesions of irregular patterns. 


DISCUSSION 

The studies on Uclminthosporvmn carpoHaprum indicate that it is a weak 
luirasite botli in the field and on mature green tomato fruits during trans¬ 
portation and subsequent ripening. The fungus failed to produce leaf spots 
or stem lesions on vigorous tomato plants in spite of wounding and favorable 
infection conditions. Lesions developed, liowever, around puncture wounds 
when xilants in a low state of vigor were inoculated. The fruits apiiear to be 
more susceptible than other parts of the plant, but a sizable amount of inocu¬ 
lum is necessary to firoduce a decay that will affect the marketability. It 
seems x)robable tliat in the field the fungus grows on weakened plant tissue 
and debris and that tliis material then becomes a source of infection for 
tomato friiils. 

From the limited re|)orts at hand, H(dniinthosporiiim carposaprtim does 
not appear to cause a serious disease. From observations of infection at 
40*^ and 50'' F. it seems probable that infection is encouraged by low tem¬ 
peratures and light frosts unfavorable to the fruit in the field, such as are 
encountei’ed in Mexico during the growing and harvesting season (9, 10, 11). 
It is believed that the intereeptioii of tomatoes with sizable decay at ports 
of entry is the result of careless sorting and grading rather than the rapid 
development of the fungus in transit. 

From inspe('tors^ records for the past eleven years, there seems to have 
been no extensive increase in tiiis disease, and no record of its x>i’esence in the 
United States. In view of this, and from the results of these studies, it seems 
unlikely that tliis fruit rot will reach serious lu’oportions in the United 
States. 

SUMMARY 

The study of an iindescribed rot of tomato fruits intercepted in imports 
from (rertain tropical or subtropical regions is reported. The cause of the 
disease, demonstrated by ])ure culture inoculations, is an undescribed species 
of Ilchninihosporium. This is now described under the name Ilelminfko- 
sporiu ni carposapruni. 

Inoculation of tomato stems, foliage, and mature green fruit indicated 
that the fungus is a weak parasite. 

The fungus caused slow to moderate decay when inoculated into the har¬ 
vested fruits of eggplant, bell pepper, scallop squash, and apple, but not of 
orange or lemon. 

Temperature studies of the fungus on tomato fruits and on artificial 
media indicated tolerance to a wide range of temperature. Of the temx)era- 
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tiires tried, the best growth was obtained at the higher temperatures, 70° and 
80° F. There was slight development of the fungus at as low as 40° F. and 
the fungus remained viable after 51 days at 16° F. 

The HeUnintJiosporium fruit rot of tomato does not appear to have in¬ 
creased significantly during the past 11 years. Although tomatoes from 
those areas in which the disease is found have been imported during this 
time there is no record of occurrence of the disease in the United States. 

Plant Industry Station, 

Beltsville, Maryland. 
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THE EFFECT OF FUNGICIDAL SEED TREATMENTS ON 
GUAYULE SEEDLING EMERGENCE 

B A I L JS Y S L K E T H 1 
(Accepted for publication August 20, 1946) * 

INTRODUCTION 

In 1942 and 1943 the Guayule Emergency Rubber Project, under the 
direction of the U. S. Forest Service, established several large guayule 
{Parthenium a/rgcniatnm Gray) nurserit*s in Calirornia for the production 
of planting stock. I’re-emergence losses in these nurseries and especially 
those located at Salinas wiiere most oi‘ the field iilanting stock was produced, 
ranged from moderate to heavy. The average seedling emergence varied 
from 40 to 50 ])er (-cut of the germinablc seed sown and seldom exceeded 75 
per cent. Because of poor and unsatisfactory emergence in 1943 approxi¬ 
mately one-fourth of the nursery beds had to be resown in two of the Salinas 
nurseries. Dam])ing-ofi‘ fungi, Fythiiirn and Khizoctonia^ have been re¬ 
ported (8) as tlie principal cause of iire-emergence losses. Post-emergence 
damping-off did occur but the losses were comparatively low in 1942 and 
1943 when the guayule nurseries were being operated on a large-production 
scale. 

As a part of the geiK'ral resear(*h program to facilitate the guayule rubber 
emergency prodiKdion program, investigational work was undertaken to 
determine the cause oi* causes of poor seedling emergence and to develop 
control measures. The r<*sults of greenhouse, nursery, and field tests are 
herein reported, 

DA.MIUNG-OFF FUNGI 

Various fungi have been isolated by the writer and others (4, 5, 7) from 
young guayule seedlings affected with damping-off and seedling root rot. 
Of these, PifUrium vUimion Trow was predominant. However, various 
Fusaria were isolated frecpiently and a Kluzoclonia tip. was isolated occa¬ 
sionally. Several other fungi, considered to be non-pathogenic and com- 
moidy ol)tained in culture fi*om plants affetded with damping-off*, were also 
obtained. 

Pathogenicity tests were made in the greenhouse witli many of the iso¬ 
lates obtained from diseased seedlings. All of tlie isolates of Pytkium uUi- 
mum and RJrizochnna tested were found to be virulent pre-emergence and 
seedling ]*oot-i*()t pathogens. The results were inconclusive as to the patho¬ 
genicity of the several Fusaria i.solated. Phyfophihora drcchslcri Tucker, 
which was isolated f!*om root-rot lesions on older i)lants (7), was found to 
attack and kill emerging guayule seedlings but was not isolated from 
dainped-oft* nursery seedlings. 

Of the iriany fungi associated with damping-oft* in the nursery and field 

1 Formerly Assoeiate Pathologist, Special Guayule Besearch Project, Biire.nu of Plaut 
Iiidnstry, Soils, and Agricultural Engincoriug, U. S. Department of Agriculture. Now 
Pathologist, Division of Soils, Fertilizers, and Irrigation. 
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sowing:s in Calirornia, Pythlum ultinmrn is considered the most important. 
However, the sum total of the losses caused by tlie other fungi may be much 
greater than now suspected. 

SEED 

Both threshed and uiithreshed guayuJe seed have been used in nursery 
and direct field sowings. However, most of the seed sown for production 
purposes has been untlireslied. Threshed seed lias been used in both nursery 
and direct field sowings in large scale tests and Avas found to be ecfual or 
superior to the unthreshed seed. Both sorts of seed Avere used in testing 
various fungicidal seed treatments. T|ie unthreshed seed (2, 6) consists of 
an achene Avitli attached floral parts, and in threshed seed the accessory floral 
parts ha AC lieeii meclianically removed from the achene. 

Tli(^ percentage of filled or potentially viable seed varied greatly betAveen 
different lots and Avas usually loAver in the unthreshed than in the threshed 
seed. In the threshing and cleaning iirocess many of the unfilled seed were 
remoAa^‘d. Tlie percentage of filled scmhI usually ranged from 30 to 40 in the 
uiithreshed lots, and from (JO to 70 in the threshed lots. These wide varia¬ 
tions in filled seed, as Avell as in the per<‘entage of g(‘rminable seed,"^ a(*count 
for many of the discrepancies in seedling ('mergence between tests. 

It has been a standard practice to i)r(dreat unthreshed se(‘d Avith sodium 
hypochlorite. Essentially the treatimnit (1) consists of soaking the seed in 
Avater for 18 to 20 hours and tlnm treating tlie seed for 2 hours Avitli a solu¬ 
tion of sodium hyiiochlorite (containing I.O to 1.5 per cent available chlorine, 
after Avliich the seinl is thoroughly washed, dried, and stored. Tlie pur]>ose 
of the hypochlorite treatment is to increase the geiuninable jiercimtage ot 
recently harvested guayule seed. Benedict and Robinson (3) found that tlie 
hypochlorite treatment accomplisluMl this priniarily by increasing the ])er- 
meability of the seed coat Avhich surrounds the embryo. While the hypo¬ 
chlorite treatment (jiretreatment) is not aiijilied for its fungicidal aidion, 
it effectively eliminates surface seed-borne organisms. Since both hypo¬ 
chlorite-treated and untreated seed may be treated Avith seed protectants 
(fungicides), the hypo{!hlorite treatment is referred to as a pretreatment. 
Threshed seed may also be pretreated Avith sodium hypochlorite, althougli 
its practical value is (piestionable. Beni'dict and Robinson (3) have slioAvn 
that eitln^r thri'sliing or aging in the open, or botli, will improve seed germi¬ 
nation. They (‘onclude ‘‘that in so far as germination is concerned the very 
expensive (sodium hypochlorite) seed treatment now given guayuh^, seed can 
be eliminated by using acheiu^s alone that have been stored in the open for 
six mohtlis or by producing seed in (hot) climates such as that at Indio, Cali¬ 
fornia, and holding it for a year before planting. 

FUNGICIDES 

A number of seed protectants were tested for pre-emergence dam})ing-ott‘ 
control on both threshed and unthreshed guayule seed which had or had not 

2 By germinable is iiieiint those seed which will germinate readily, in 10 to 14 
days, under usual seed laboratory or greenhouse conditions. 
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been pretreated with sodivmi hypochlorite. The fungicides tested for 
emei’gence damping-off control were Arasan (50 per cent tetramethyl thi- 
uramdisulfide), Ferinate (70 i)er cent ferric dimethyl dithiocarbamate), 
Cuprocide (98 per cent red cuprous oxide), Spergon (98 per cent tetra- 
chloro-para-beiizo(iuinone), Spergonex (r^-benzoqniiiorie dioniurn peroxide) ^ 
Sernesan (30 ])er cent hydroxymerciirichlor()plieriol), U.S.R. No. 604 (2,3-di- 
chlor()-l,4-napJitho(|uin()iie), and Mersolite-19 (pheiiyl-inercnric-salicylate). 

Of the various fungicides used, all have been reported on as seed protec¬ 
tants by various workers at one time or another on (U-ops other than guayule 
with the exception of Mersolite-19 (9). Since rej;)orts on their efficacy may 
be found readily in the literature, no specific citations are given. 

The fungicides were applied as a dust to dry seed. The most commonly 
used fungicidal dosage was 1 per cent l)y weight. The seed to be treated or 
dusted and the desired amount of fungicide were j)laced in an airtight con¬ 
tainer, either a small ,jai- or a rotary seed treater depending on the amount 
of seed to be treated, ajid thoroughly mixed by shaking or rotating the con¬ 
tainer for a[)proximately 5 minutes. When 300 seeds or less were to be sown 
in a single flat or row the seeds were counted and t>laced in a coin envelope 
ai'ter the fungicide was applied. The usual practice was to sow within 3 or 4 
days after treatment. However, delays of 10 to 14 days or longer did not 
reduce seedling emergence. 


greenhouse tests 

Unless otlierwise indicated, 200 seeds were sown in each replication. The 
seeds were sown on soil in flats and covered \vith about .] inch of pasteurized 
sand. Tlie sand was kept moist by fre(|uent watering in order to secure 
maximum emergence. Seedling emei-gence was (*ounted daily. The etfect 
of the various seed treatments is based upon the total number of seedlings 
that emerged by tlie 15th day. 

In most of the emergence tests in the greenhouse both pasteurized and 
fungus-infested soil were used. Damping-off fungi were eliminated from 
raw soil by means of a eontinnous soil pasteni’izer (10). lii the 6 miniites 
recpiired for passage through tlie pasteurizer tlie soil was heated to 200^ 
to 210'^ F., a temperature eonsiderahiy higher than the 150° F. used by 
Taveriietti (10) to control damping-off caused by species of Pythium and 
Rhkoetonia. Fungus-infested soil was obtained by infesting pasteurized soil 
with various isolates of Pyihium and Rhizocioniay wiiieh had lieeii isolated 
from nursery damped-off guayule seedlings. 

Effective Fungicidal Dosage 

Preliminary tests were made to determine, wdthin limits, the fungicidal 
dosage re(iuired to give adequate pre-emergence damping-off control in 
fungus-infested soil. In general, the most effective dosage for Arasan, 
Sernesan, Spergon, Spergonex, and Cuprocide was 1 per cent w’^hen used on 
either threshed seed or on uiithreshed seed which had been pretreated with 
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sodium liyi) 0 (!hlorite. No apr)arent injury was caused by any of these 5 
fungicides, at dosages of 1 per cent or Jess, to the germinating seed and 
emerging seedlings in either pasteurized soil or soil infested with Pyihium 
and Rhizoctonia, 

Seedling emergence was better in both pasteurized and fungus-infested 
soil when the seeds were treated with a 0.25 per cent dosage of No. 604 than 
witli 0.5 or 1 per cent dosages of the same protectant. In the case of the 
pasteurized soil this dift'erenee was large enough to be significant indicating 
the possibility of chemical injury from dosages of 0.5 per cent or higher. 
However, this indication of injury was partially offset by the results from 
the fungiis-iiifested soil where the difference in emergence between the 0.25 
and 0.5 per cent dosages w^as not significant. On unthreshed hypochlorite- 
treated seed the emergence resulting from the 3 different dosages did not 
differ greatly. 

Comparative Seed Treatment Tests 

Three greenhouse tests (Table 1) were made to compare the effectiveness 
of 7 different fungicides in the control of pre-emergence damping-off when 
used on either threshed or unthreshed seed, or on unthreshed sodium hypo- 
(dilorite-treated seed. The fungicidal dosages used were 0.25 per cent for 
Mersolite-11), 0.75 per cent for No. 604, and 1 per cent for Arasan, Spergon, 
8emesari, and Spergoji(*x. There were 10 replications of each treatment in 
pasteurized soil, in soil which had been infested with cultures of Pyihium 
and Rhizoctonia, and in raw’ or nontreated soil from the Alisal Nursery. 
Damping-off fungi were i)revalent in tlie nursery soil. On the basis of iso¬ 
lations from affe(‘ted seedlings the most j)revaleut was Pythimn ulthnum. 

In nursery and inoculated soil infested with Pythium and Rhizoctonia 
the iiKU-ease in emergence from seed treated wuth Arasan, No. 604, and Merso- 
lite-19 was significantly greater than for any of the other treatments on both 
threshed (Fig. 1) and unthreshed seed which had not been pretreated with 
sodium hypochlorite (Table ,1). On unthreshed seed which had been pre¬ 
treated with sodium liypochlorite all of the fungicidal treatments increased 
emergeiic(^ about ecpially except Mersolite-19 which gave little or no increase 
in emergence over the checks. With the exception of Mersolite-19 on hypo¬ 
chlorite-treated seed, there w^as little or no indication that the fungicides at 
the dosages used in tliese 3 tests caused any chemical injury. In all proba¬ 
bility the 0.25 per cent dosage of Mersolite-19 was excessive when dusted on 
hyi)ochlorite-treated seed and the chemical injury which resulted tended to 
offset its protective value. 

The effects of the different fungicides on the rate of emergence when 
dusted on both thre.shed seed and hypochlorite-treated unthreshed seed sown 
in fungus-infested soil are given in figure 1. Seedling emergence was well 
under wmy by the 4th day after sowdng for most of the treatments and con¬ 
tinued at a rapid rate until about the 7th or 8th day wdien it began to 
level off. 

Seedling emergence tests were made to determine if the standard sodium 
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liypoc'iilorite pretreatiiient would give effective pre-emergence protection 
against dainping-off fungi and to compare its protective value with that of 
Arasan and No. 604. The results indicated that the sodium hypochlorite 
treatment did give some apj)arent protection against pre-emergence losses 
but tliat the iiuvreasc* in emergence was considerably le.ss than that secured 
by the use of either Arasan or No. 604. Seedling emergence in fungus-in¬ 
fested soil was significantly better for threshed seed which had been treated 
with Arasan and No. 604 than for threshed seed which had received only the 
hA'pochlorite ti*eatment. However, with hypochlorite-treated seed damping- 
off’ control was better when the seed was dusted Avitli Arasan than with No. 
604. On the otlier liand, in pasteurized soil tlie dusting of threshed hypo¬ 
chlorite-treated seed with No. 604 caused a significant decrease in emergence. 
This reduction in emergence was attributed to chemical injury. Sodium 
hy]>ochlorite-treated seed appeared to be more sensitive to chemical injury 
than the raw seed. In this series of tests, as well as otliers, seedling emer¬ 
gence of threshed noidiyjxx'hlorite-treated s(‘ed in pasteurized soil was in- 
ereased by dusting the seed with either Arasan or No. 604 (Table 1). The 
increases were so pronounced in some instances as to suggest the i)Ossibility 
of a stimidative action. 

NURSERY TESTS 

Tlir(*e seed protecdants, Arasan, Spergon, and ISemesan, which were pro¬ 
curable on the local market, wei*e used in two trial nursery sowings in the 
Alisal Niu'sery in the spring of 1944. The treated seed Avere soaaui in plots 
of suffi(?ient size to ])erndt the use of regular nursery equipment. The seed 
was soAvn and covered Avith about one-fourth inch of sand by a seeder devel¬ 
oped especially for tlu* soAving of guayule seed. All cultural operations AA^re 
comj)arable to standard nursery practices (1). The amount of water applied 
by the overhead sjuvinkler system and frecjuency of application were similar 
to tliose in tlie nurseries in 194‘k 

8eed used in the nursei*y tests were: (1) dry threshed seed AAddch had 
not been pretreated Avith sodium hy])ochlorite; (2) dry uiithreshed seed 
Avhich had been pridn^atinl Avitli sodium hypochlorite and (3) soaked or pre- 
genninated seed Avhicli had ret*eived the regular sodium hypochlorite pre- 
treatment. The fungicides, dosage 1 ]>er cent by Aveight, Avere api^lied as 
dust to the diw sc'cd Iry means oT a small rotary drum-ty|m seed treater. In 
case of the soaked seed, tlie seed Avas first dusted Avitli the fungicide and then 
moistened Avith ta|) Avater. Twice as much water by Aveight was used as seed. 
The dain])ened seed Avas thorougldy mixed and placed in ox)en-top 5-gallon 
cans in the laboratory Avhere it Avas kept for 4 or 5 days before soAAung. Dur¬ 
ing this soaking jieriod the seed Avas stirred tAvice for aeration. 

Only oiu' kind of seed, threshed, dry uiithreshed, or soaked unthreshed, 
Avas soAvn in a nuiAsery section comjiosed of 9 or 10 nursery beds 400 feet long. 
Each bed was divided into 4 equal plots, 100 feet long, and Avas treated as a 
randomized block which included each seed treatment. The first soAving was 
on April 30 and the second on May 20. 
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The daily average teinperatiire during the (critical period of 10 days fol¬ 
lowing sowing ranged from about 55^^ to 60° F. For the same i)eriod the 
maximum temj)erature exceeded 78° F. on two days only and the minimum 
temperature did not fall much below 50° F. These temperatures were favor¬ 
able, but somewhat lower than the optimum, for germination and emergence 
as indicated by greenhouse tests in which 70° to 80° j)roved to be more favor¬ 
able for emergence than 65° or lower. Also, BcJiedict and Kobinson (3) in 
laboratory tests found that optimum germination of guayule seed occurred 
at 68° to 77° F. 

Emergence counts were made 2 or 3 times a week for 4 weeks following 
sowing in ‘‘count'^ plots which had? been establislied at random before any 
seedlings had emerged. Tliese plots consisted of a linear foot section of bed, 
4 scp i’t. with 4 to a replication. In order to secure as accurate measure as 
possible of emergence, the seedlings were pulled out at time of counting. 

Nesitlts of Treaimeni 

All three fungicidal seed treatnumts of dry thr(^slled seed increased emer¬ 
gence over checks in both the April and May sowings (Table 2). In only 
one case was tlie increase not statistically significant at the end of 30 days, 
and this was near the bod(‘rline of significance. The emergence of threshed 
seed dusted with Arasan was better than for the other tr'eatnumts. In the 
April (Table 2) sowing 79 per cent of the gtu-minable seed dusted with 
Arasan had emerged by the 3()th day aTttu* sowing, and 87 per cent of the 
viable seed in the May sowing. 

In the May 20 sowing of dry unthreshed seed pretr(‘ated with sodium 
hypochlorite all treatments gave an increase in emergence over the check, 
but only Spergon ga^'e a sig'iificant increase (Table 2). There was no sig¬ 
nificant difference in emei-geiice between treatments at tlie end of 30 days in 
the April 30 sowing. No chemical injury was apparent with any ot tln^ 
treatments. 

In the April 30 sowing, fungicidal seed treatments of soaked untlircvshed 
seed pretreated with sodium hypochlorite did not significantly incr(‘ase emer¬ 
gence (Table 2) over the control. In the May 20 sowing a significant in¬ 
crease in emergence was secured with both Arasan and Spergon. Seedling 
emergence from seed dusted with Semesan was sparse and scattered in both 
the April and May sowings and averaged less than 5 seedlings per square 
foot. Because of this failure, emergence counts of Semesan-treated seed are 
omitted from table 2. The deleterious tuition of Semesan apparently oc¬ 
curred during the 4-day period the seed was held in a moist condition prior 
to sowing. 

The rate of emergence was somewhat more rapid in the April sowing 
than iii the May sowing. In both eases emergence levelled off 18 to 20 days 
after sowing following a rather pronounced break about the 12th day. The 
difference in emergence between tlie two sowings, when based on viable seed 
sown, was not great enough to be considered important. 
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Tlie inevitable loss wliich follows ciner^^enee oecurred with all of the 
treatments in both the April and May sowings. There were no indications 
that the fungicddal seed treatments were effective in reducing post emergence 
losses. These losses (based on total emergence) ranged from 10 to 20 per 
cent for the different treatments at the end of 4 weeks after sowing. In a 
seedling density count made 8 weeks after sowing, the average loss of 
emerged seedlings had increased from about 15 per cent at the end of 4 weeks 

TABLE 2.— Effect of Arasan, Spcrgon, and Scmcsan on guayulc seedling emergence 
in the nursery 


S(‘e(l treatment 


Emerged seedlings per sq. ft.—30 days 
Germinable seed after sowing 

sown per sq. ft. —--- 

Sown April 30a Sown May 


Percentage Percentage 

April 30 May 20 Total Total 

seed seed 



Number 

N timber 

Number 

Ter cent 

Number 

Per cent 

Dry threshed seed 

x\ra8nii . 

. 70 

68 

60.37 

79.43 

59.29 

87.19 

Spergoii 

. 76 

68 

46.33 

60.96 

43.96 

64.65 

Scmcsan .^ 

76 

68 

44.59 

58.67 

40.16 

59.06 

Check 

76 

68 

40.51 

53.30 

19.33 

28.43 

Bif. req. for sig. 



5.13 


6.74 


Dry unthreslied liypochlorite- 
treated seed 

A rasan 

81 

91 

40.05 

49.44 

59.31 

65.18 

Spergon 

81 

91 

42.54 

52.52 

62.74 

68.95 

Scmcsan . 

. 81 

91 

44.05 

54.38 

60.45 

66.43 

Check 

Bif. req. for sig. 

.... 81 

91 

43.07 

3.23 

53.17 

54.09 

7.99 

59.44 

Soaked imthreshed hy|) 0 - 
chlurite-trented seed 

Arasan 

89 

73 

39.53 

44.42 

40.21 

55.08 

Spcrgon . 

89 

73 

49.64 

55.78 

38.15 

52.26 

Semesan . 

89 

73 





Check . 

Bif. req. for sig. 

89 

73 

49.62 

5.86 

55.75 

31.85 

4.75 



« Ten replications of each treatment. 

*>Nirie replications of each Ireatmeiit. 

to approximately 25 per ('.cut 4 weeks later. These losses were caused by 
post-emergciK'c damping-off, seedling root rot, soil splash, weeding, and 
insects. No attempt was made to evaluate the losses attributable to any one 
cause because of the difficulty involved in making accurate determinations. 


FIELD TESTS 

The feasibility of guayule jiroductioii by direct field sowing, as well as 
the production of nursery stock by furrow irrigation, has emphasized the 
importance of obtaining satisfactory seedling emergence and uniformity of 
stand under conditions different from that found in the nursery. Since 
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proteetaiits were of beiielit in iiiereasinj»‘ seedling emergence in the nursery 
and ill the greenhouse, it was expected that similar results would be obtain¬ 
able in subirrigated field sowings. Howevin-, it was realized that, while the 
conditions were similar in many respects in nursery and field sowings, there 
were also differem'es. In common nursery practice the seed is sown in beds, 
covered with sand and watered by an overhead sprinkler system, while in 
the field the seed is drilled in rows, covered with soil, and furrow irrigated. 
Because of these dilferenees in sowing and watering it seemed probable that 
the germinating seed and emerging seedling would be subjected to greater 
pre-emergence hazards in field sowings than in tlie nursery. 

Subirrigation plot tests were ii’liide during the summer of 1944 to ascer¬ 
tain the effectiveness of seed protectants in direct field sowings. Dry seed, 
(uther threshed or unthreshed, from two seed lots of strain 593, either 35 --(t 
or B-38, eolleeted in 1943 were used. Only seed which had not been pre¬ 
treated with sodium hypoehloidte was treated witli fungicides but the stand¬ 
ard sodium hypo(‘hlorite treatment was included as one o:l‘ the treatments. 
The check or control r(‘ceived no (‘hemical treatment. 

The seed was sown with a Planet Jr. seeder in an open V-tyi)e furrow 
1 to li inches deep and 2 to 4 inches from the edge of a shallow iri*igation 
furrow. An (*fi'ort was made to (‘over the seed with a minimum rnnount of 
soil. The rear press wheel was rcanoved from the stH'der and the seed was 
covered only witli the soil that incidcmtally rolled or drifted onto the s(ied 
from the sides of the t'urrow. In this manner the seed was sown at the bottom 
of tlie furrow on firm or fairly compacd soil and ('overed with J to .] inch of 
io(Jse soil in 3()-foot row ])lots. 

The i)lots were furrow iridgated every other day for 2 to 3 hours. How¬ 
ever, this schedule was sonu'^inK's \'aried, depending upon weather conditions 
and obvious need of irrigation. An effort Avas made to keej) tlie s(*ed suffi¬ 
ciently moist for optiinum germination and emergence rather than to folloAV 
a predetermined irrigation schedule. 

Freipient emergence counts were made starling with the earliest emer¬ 
gence and continuing up to 14 or 15 days after sowing. The center 15 feet 
of the 3()-foot f)lots were used for emej-gen(>e counts. 

The air and soil surface temperatur(*s were genei'ally favorable l‘()r germi¬ 
nation and emergence during July and August. The average air tempera¬ 
ture during the two months was around 60° F., except for a few days in the 
third Aveek of August when it was slightly lower. The soil temperature at 
a depth 0.5 to 1.0 inch averaged 10° F. higher than the air temperature. 

' Results 

In this series of experiments both the Arasan and No. 604 treatments 
increased emergence significantly over tlie hypotdilorite treatment in both 
threshed and unthreshed seed (Table 3). Emergence in the check was uni¬ 
formly poor in all cases. Seed dusted with No. 604 gave a significantly 
higher emergence than threshed seed treated with Arasan. On unthreshed 
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TABLE 3.— Effect of fungicidal seed Ircatrnents on. gnayule seedling emergence in 
furrow irrigatum tests'^ 


Enierged HGodlirigs 


Trratrnent ThroshfMl a(‘ed Uiithreshed seed 


July 13b July 13 Aug. 2 July 13 Aug. 2 

Percents Per cenP Per cenP Percent^ Per cenP 

Arasan . 10.36 25.20 26.21 36.15 57.20 

No. 604 . 34.10 35,67 50.60 42.43 66.51 

TTypocdiloritc 6.04 0.06 12.18 13.03 34.78 

Check . 2.40 0.02 3.60 0.47 1.20 

Difference recjjuired 
for aiguificaiice 

(5 per cent) 8.22 8.20 7.91 13.40 8.63 


a Einergeuce is based upon all seedlnigs which had emerged within 15 days after 
sowing in the middle 15 feet of a 30-foot row plot. 

b Date sown. Two different lots of threshed seed were sown on July 13; 35-G and 
B-38. 

‘'Percentage of germinable seed sown. 

seed the ouiergence was higher lor the No. 604 treatment, although it was 
significantly so in only one of two instances. 

SUMMxVRY AND CONCLUSIONS 

Gnayule {Parthenium argentaium Gray) was found to be very suscepti¬ 
ble to attack by j>re-eniergeiiee damping-off fungi in nurseries and in direct 
field sowings at Salinas, California. Because of pre-emergence losses exten- 
si^'e resowiugs of nui’sery beds were necessary in 19411 Post-emergence 
(lanii)ing-off losses were small compared with pre-emergence losses. 

In greeiiliouse tests with 8 fungicides to determine their relative effective¬ 
ness in protei'ting gnayule seedlings against pre-emergence losses from 
Pythium and llhizocfonla^ dampiiig-oft* fungi, the optimnm dosage was about 
1 i)er cent by weight for Arasaii, Spergon, Spergonex, Cuprocide, and Seme- 
san; 0.5 to 0.75 per cent for No. 604; and 0.25 per cent or less for Mersolite-I9. 

Treating gnayule seed with sodium hypoclilorite increased seedling emer- 
gciK'e in soil infested with Pythium and EhizocIonia in the greenhouse as 
well as in snb-iiTigated field-sown tests. However, when seed which germi¬ 
nated readily was dusted witli Arasan or No. 604, emergence was higher than 
from hypochlorite-treated seed when sown in fungus-infested soil. The dif¬ 
ferences ill protective effec*! were significantly in favor of the seed protec¬ 
tants over sodium hypoclilorite. 

Wlieii used on botli th resiled and unthreshed non-hypochlorite-treated 
seed in the greenhouse Arasan, No. 604, and Mersolite-19 gave the greatest 
increases in seedling emergence in fungus-infested soil. On unthreshed seed, 
which had been pretreated with sodium hypochlorite, Mersolite-19 did not 
increase emergence as much as Arasan and No. 604. 

Under conditions favor*able for germination in the greenliouse, gnayule 
seedlings started to emerge on the 4th day and emergence was practically 
completed in 10 to 12 days after sowing. 
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On dry, tlireshed, iion-hypochlorite-treated seed sown in the nursery, 
Arasan, Spergon, and Semesan increased emergence over the untreated seed 
in sowings made in April and May. Witli threslied guayule seed the treat¬ 
ment with Arasan resulted in more emerged seedlings than either Spergon 
or Semesan treatment. 

Dry unthreshed seed that had been pretreated with sodium hypochlorite, 
wlien dusted with Arasan, Spergon, or Semesan gave an increase in emer¬ 
gence over the check in a sowing made in May. In an April sowing the 
differences in emergence for the seed dusted witli these seed-prote(*tants we»*e 
not signifi(*ant. Seed similarly treated, but soaked for 4 days prior to sow¬ 
ing, gave no increased emergence for any of the materials in the April sow¬ 
ing. In the May sowing a significant increase in emergence was secured with 
both Arasan and S])ergon. in both sowings the (‘mergence from seed dusted 
with Semesan Avas sparse, scattered, and (considerably lower than foi- the 
(dieck. 

In a subirrigated field botli Arasan and No. 604 increased seedling emer¬ 
gence significantly above the hyjxxddorite treatment and above non-hypo¬ 
chlorite-treated (‘hecks I’or both threshed and unthreslied seed. Emergence 
of threshed seed dusted with No. 604 Avas better than when Arasan Avas us(*d. 

leased on t(\sts in greenhouse, nurs(U*y, and subirrigated field Arasan and 
No. 604 are considered as the two most ju’omising of the several seed protec¬ 
tants tested in the control of pre-emeigence damping-off of guayule. Al¬ 
though tested only in the gre^enhouse, Mersolite-lO gave (‘xc(‘]l(mt results. 

Special Gttayule Resi^arch Project, 

Bureau ok Plant Indi^stry, Soils, and Agru lu/ri'RAi. 

Engineering, 

U. S. Department of Agriculture, 

S alinas, Calikgrnia. 
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BREEDING FOR RESISTANCE TO EARLY BLIGHT IN THE 

IRISH POTATO' 


(Accepted for publication September 3, 194(1) 

Early caused by jiltcrnaria solani (Ellis and G. Martin), L. R. 

Jones and Grout, does not usually occur in epipliytotic 1‘orm, altliouj^h occa¬ 
sionally it may be almost as destructive as late blight. Coons'* stated that 
the annual loss in Michigan was about 25 xuu- cent. According to Jones,^ 
tlie yield ma}' be reduced 10 to 25 per cent in Wis(*onsin. Several cases are 
on record of unusually severe attacks; more important, however, is the 
smaller but yearly toll of the disease. 

No concerted efi'ort has been made to breed new varieties of potatoes that 
are resistant to the pathogen causing early blight, although it has been known 
for many years that varieties of cultivated potatoes have dilferent degrees of 
susceptibility. Tlie early work of Stuart/’ in Vermont indicated that a few 
foreign varieties possessed some resistance to the fungus. 

In 11)40 work was started toward finding resistant seedlings or commer¬ 
cial varieties tliat could be used in a breeding program. The data herein are 
])resente(l as a preliminary report. 

METHODS AND MATERIALS 

Conditions favorable for a natural epiphytotic were not present during 
tlie growing seasons of 1940 to 1943, inclusive. The laying of a pipe line in 
1943 ])ei‘niittcd the use of supplemental water as an ONcrhead spray on ex¬ 
perimental plots to make conditions more favorable for infection and subse- 
(|uent spread of the fungus. By the spring of 1945 methods had been devel¬ 
oped so that a lieavy inrection was produced and it was possible to ascertain 
the resistance or susceptibility of a number of seedlings and varieties. 

In tliis experiment the seedlings and varieties were grown adjacent to 
a row of the Houma variety, which is very susceptible to the organism. 

The infection data were recorded in 4 classes as illustrated in figure 1: 

Class 0 No infe(‘tion. 

Class 1 = Light infection; spots few to many, small, not coalescing; foliage 
remained green. 

1 Ciioporativc investigatioiis liy the Division of Eruit and Vogetablo Crops and Dis¬ 
eases, 1 ill lean of Plant industry, Soils, and Agricultural Eiigiuoering, Agricultural lle- 
seareli Administration, U. S. Department of Agriculture and the Louisiana Agricultural 
Kxperini(‘iit Station. 

2 Pathologist; V. S. De])artnient of Agriculture, Baton Rouge, Louisiana. 

3 The writer takes [ih'asure in acknowledging his indehtedneas to Dr. F. J. Stevenson 
for furnishing inanv of the seedlings and many of tlie parents used in crosses that were 
included iu this invjj,stigation. 

Coons, G. 11. Potato diseases of Michigan. Mich. Agr. Kxp. Sta. Sjiecial Bull. G(i. 

tones, L. R. Potato disease's in AVisconsiii and their control. Wis. Agr. Exp. Sta. 
Circ. 36. 1912. 

c Stuart, William. Disease resistance of potatoes. Third report. Vt. Agr. Exp. 
Sta. Bull. 179: 147-183. 1914. 
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Class 2 Moderate infection; spots few to many, medium to large, some 
coalescing; foliage 0“25 per cent killed. 

Class 3 = Severe infection; spots many, medium to large, coalescing; foli¬ 
age burned, 26-100 per cent killed. 

Conditions very favorable for infection prevailed during all of May, 
1945. By May 3 most of the leaves were killed on the Houma checks and 
many of the seedlings and some varieti(‘s were severely infected. 

Because of difrerenees in maturity of the material being tested, notes wer-e 
taken on several dates. 

In this test, 19 named varieties and 445 numbered seedlings were exposed 
to infection. Each of these was grown in units of at least 5 hills. The seed¬ 
lings r^epresented many different crosses and a few inbred parents. Since no 
segregating progeiii(»s were included, it is not possible to draw conclusious 
as to the mode of inheritance of resistance to the early-blight fungus. 

RESULTS 

The reactions of 19 commercial varieties oF potatoes to early blight are 
ill table 1. All but 2 of these varieties were very susceptible to tlie fungus. 
Of the 2, Sequoia was moderately infected, but the infection in Menominee 
was only slight. Menominee also possesses a high degriH^ of resistance to 
Actinomyces scahies and moderate resistance to Phyfoplifhora infestans. 
The early-maturing varieties—(Gobbler, Plarlaine, Red Warba, Triumpli, and 
Warba—were severely infected early in May wliereas some of the later- 
maturing sorts were not infected to the same degree until 2 weeks latm\ 
The data also demonstrate that lateness is not conqiletely correlated with 


TABLE 1 .—Progressive development on If) cornmereial varieties of Irish potatoes of 
infection hy the early-blight fungus in the field at Baton Mouge, Louisiana, in 1945 


Variety 


Tucidence of disease^ on 


May 3 

May 5 

May 18 

.Tune 2 

Chippewa . 

0 

3 

3 

3 

Cobbler. 

3 

3 

3 

3 

Desoto . 



. 

3 

Earlaine .. 

3 

3 

3 

3 

Earlaiiie No. 2 . 

0 

0 

2 

3 

Golden . . 

0 

0 

3 

3 

Green Mountain . 

0 

3 

3 

.3 

Knsota . 

0 

3 

3 

3 

Ka tab di n . 

0 

0 

3 

3 

LMBalle . 




3 

V Menominee 

0 

0 

1 

1 

Mesaba 

3 

3 

3 

3 

Mohawk 

0 

3 

3 

3 

Pontiac 

3 

3 

3 

3 

Red Warba 

3 

3 

3 

3 

Sebago 

0 

0 

3 

3 

Sequoia. 

0 

0 

2 

2f- 

Triumph . 

3 

3 

3 

3 

Warba . 

3 

3 

3 

3 


a Infection classes; 0 = no infection, 1 = light, 2 - moderate, 3 = severe. 
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Fig. 1. Infection classes: A =110 infection (class 0) ; B=:light infection (class 1); 
C = moderate infection (class 2); D = severe infection (class 3). 
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early-bliglit resistance since the late-maturing and very-late-maturing varie¬ 
ties, such as Earlaine No. 2, Katahdiii, Mohawk, and Pontiac, were killed by 
the fungus before they matured. 

The 20 seedlings listed in table 2 were selected to represent the various 
groups of infection types that w'ere found among the 445 seedling varieties 
tested. Seedlings XL 127-2 and XL 154-7 were severely infected early in 
May and both of these are early-maturing sorts. Infection was delayed in 
many other seedlings listed in table 2. 

TABLE 2.— Trogressive development on some seedling varieties of Irish potatoes of 
infection by the early-blight fungus in tip field at Baton EougCy Louisiana, in 1945 


Incidence of disease* on 


Pedigree 

Parentage 

May 3 

May 5 

May 18 

.Tune 2 

XL .127-2 

96-140 X 926-36 

3 

3 

3 

3 

XL 154-7 

47562x47156 

3 

3 

3 

3 

XL 28-1 

336-123x336-18 

0 

0 

2 

3 

XL 29-23 

Katalidin x Earlaine 

0 

0 

2 

2 

XL 133-9 

Sebago x 47156 

0 

0 

1 

3 

XL 133-() 

Sebago X 47156 

0 

0 

1 

2— 

X 512-1 

WI-6 X Katahdin 

0 

0 

1 

2— 

X 987-1 

792-78 X Katalidin 

0 

0 

1 

2— 

B 94-3 

336-144 X 47562 

0 

0 

1 

2— 

B 70-5 

B 127x96-56 




3 

XL 148-1 

528-229 x 528-170 





XT. 8-61 

(Chippewa x 47156 




1 

XL 211-1 

(XL 89-1) X (XL 72-1) 




1 

XL 306-2 

499-ax B 56-11 




1 

XL 308-5 

Pontiac x B 44-14 




1 

X 528-118 

Richter Juliel x 44537 




1 

X 627-103 

Hindenberg x Katalidin 




1 

IT 6.9-12 

Katalidin x 96-56 




1 

B 273-31 

President x 9^ -28 




1 

B 273-39 

President x 96-28 




1 

* Infection classes; 0 =: no infection, 1 = 

light, 2 = 

moderate, 3 

- severe. 



From the standpoint of breeding for resistance to the early-blight patlio- 
gen it is significant that a number of seedlings were found that were only 
slight^ infected. Several of these are listed in table 2. Four of these seed¬ 
lings (XL 211-1, XL 30(> 2, X 528-118, and X 627-103) are moderately to 
highl}^ resistant to the scab organism. A very high degree of resistance* to 
the late-blight fungus occurs in B 273-31 and B 273-39. Seedlings XL 
148-1, XL 8-61, and B 69-12 are very vigorous and produce high yields of 
tubers. Seedling XL 308 -5 is red-skinned and vigorous. 

SUMMARY AND CONCLUSIONS 

A large-scale, field test Avas made in 1945 at Baton Rouge, Louisiana, to 
test the reactions of 19 named varieties and 445 seedling varieties to the 
early-blight fungus (Altcrnaria solmii). 

The results failed to demonstrate the presence of immunity. A number 
of the seedlings were only slightly affected Avhereas the greater part of them 
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were moderately to severely affected. Of 19 named varieties tested, only 
Menominee had any marked degree of resistance. 

Among the seedling varieties only slightly affected by the AUemaria, 
4 are also moderately to highly resistant to the scab organism, 2 possess a 
higli degree of resistance to the late-blight fiingiis, 3 are very vigorous and 
produce high yields of tubers, and one is red-skinned and vigorous. 

Thus, from the standpoint of breeding for resistance to early blight a 
number of promising seedling varieties are at hand that can be used in future 
pollination work. In addition, some of these seedlings also possess genetic 
factors for resistance to the pathogens causing scab and late blight as well as 
factoi’s for yielding ability. Hence it should not be very difficult to produce 
varieties (combining resistance to early blight with resistance to other diseases 
as well as wdth otlier characters of commercial importance. 

U. S. Department of Agriculture 
and 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 



LEAFROLL NET NECROSIS AND STEM-END BROWNING OP 
POTATO TUBERS IN RELATION TO TEMPERATURE 
AND CERTAIN OTHER FACTORS 

Donald Folsom 
(Accepted for publication September 14, 1946) 

INTEODirCTION 

A crop from a potato (Solanum tuberoaum L.) field has no potentiality 
for the development, in storage, of ifeafroll net necrosis unless at least three 
conditions prevail. First, the variety must be susceptible to the leafroll 
virus. Second, leafroll must have infeeteil plants, durin}c tlie growing 
season, that were healtliy at the beginning of the season. Third, the variety 
must be one that can develop net necrosis as a symptom of recent infection 
by leafroll. However, (n-en when having the potentiality resulting from the 
fulfillment of these three conditions, crops, parts of crops, and tubers have 
been observed which either did not develop net necrosis in storage or de¬ 
veloped much less than was to be exj)e(!ted. Anotlier type of internal dis¬ 
coloration, called stem-end browning, was found ccnnmonly in the Maine 
potato crops of 1923, 1927, 1929. and 1937 and was differentiated from net 
necrosis (.‘5, 4). This paper is concerned with the effects of temperature, 
length of storage period, size of tuber, and ('ertaiu other factoi-s, upon the de¬ 
velopment of net necrosis and stem-end l)rown'ing in storage. 

In 1940 the cause of stem-end browning was still undetermined and at¬ 
tempts were made, as they had been previously, to isolate organisms from 
affected tubers. Isolations were unsuccessful in the ma,jority of cases, and 
none of the niis(‘ellaneous lot of organisms obtained ])rodneed any stem-eml 
browning or other change when inoculated into healthy tubers (10, ]). .503).' 
In the winter of 1942-43, steam .sterilization of soil from fields that had pro¬ 
duced stem-end browning crops did not reduce stem-end browning in the 
greenhouse crop of plants grown in the sterilized soil, in comi)arison ^vith 
greenhouse crops in unsterilized soil from the same fields (13, ]>. 232). 
About 180 hills were dug individually in 1943 in 6 fields. Field notes were 
taken on stem infection by Rkizodonm xolaninwX later, storage records were 
taken on the development of stem-end browning at about optimum tempera¬ 
ture, In general “very slight” Rhizoctonia infection was followed by the 
highest perccntag<'s of stem-end browning, but the most stem-end browning 
wag in tiie tubers from “healthy” hills in the case of One field, and in the 
tubers from “severely infected” hills in the case of another field. 

Recently it has been determineu by Ross (14, p. 530-531) that stem-end 
browning in Maine can become, under suitable storage conditions, much 
more prevalent in one strain of the Green Mountain variety than it can in 
other strains of the same variety in the same environment. Ross (14, p. 

1 Data are given in considerable detail in the Maine Agrienltunil E.vpcrimont Station 
report bulletins referred to in this paper. , 
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529-530) has further transniitted this potentiality from one tubi^ line or 
plant to another by grafting. His data indicate that a virus is one factor 
in the development of stem-end browning. 

Small-scale preliminary tests with Green Mountain tubers of the crop 
of 1937 disclosed a tendency for more internal discoloration to develop at 
35°, 46°, and 53° F. than at 71°, 86°, or 96°, at ('onstant temperature, or 
than at a variable temperature of 32° to 64°, averaging 43° (9, p. 800). 
Similarly, a series of Green Mountain samples of the 1938 croy) developed 
net necu'osis in 0, 11, 13, 0, 0.1, and 0 per cent of the tubers when kept at 
40°, 42°, 56°, 76°, 83°, and 70° to 90° F. respectively (9, p. 800). Another 
1938 series at these same temperatures developed resyiectively 0, 1.9, 1.3, 0.3, 
0.4, and 0 per cent net necrosis and 0, 1.9, 3.2, 0.7, 0.7, and 0 per cent stem- 
end browning (9, p. 800). 

These preliminary tests indicated an optimum constant-temperature 
range of about 42° to 56° F. for both net necrosis and stem-end browning. 
They also indicated that such temperature tests require many identical 
sam|)les of two to three bushels each. 

More samples of larger size, composed to be identical, were taken from 
the croj) of 1939 and stored in seven places, with results as follows: 

Temperature, in 'F. 32 37 41 45 54 72 77 86 

Net n<M*rosi8, in ]K*r cent 0 2 3 1 4 I 0 0 

Stencerid iirowning, in per cent 1 11 9 0 9 2 1 0 

Here tiie 45° F. storage had a fluctuating temperature that, with an average 
near optimum as judged by results in constant-temperature storages, w^as 
mw'ertheless less conducive than they were to the development of internal 
discoloration, just as was the case iu the 1937 crop. Apparently it is the 
numl)er of liours near ojitimum tem})erature that counts, more than the 
avc rag(‘ t cmpe I’a1 11 re. 

METHODS W'lTH CROPS OF 1940 TO 1945 

Twelve experimental storage bins each witli a capacity of about 100 
barrels (a barrel being 165 lb.) were constructed at Aroostook Farm, near 
Presque Isle, Maine, in the summer of 1940 (10, |). 498). These bins w^ere 
equipped with cooling apparatus, heaters, portable calcium chloride driers, 
and sprinkling ap|)aratus for the maiiitenauce of temperatures from 30° F. 
up and for the partial control of humidity. Samples of a crop were shifted 
from one bin to another if a cliange of temperature or humidity was desired. 
All samples of any crop were made up and examined by the same operator.- 

Unless stated to be otherwise, samples were of the Green Mountain 
variety and were made up in sets of 36 from each field as follows. Thirty- 
six field-run barrels of tubers were spread out, a barrel at a time. From 
each barrel the 36 apparently largest tubers were distributed to the 36 
samples. This was repeated until the contents of the barrel were completely 

2 Frank Upton, in crops of 1940 and 1941, and Michael Goven, in crops of 1942, 1943, 
and 1945. 
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divided. Each barrel was taken in turn so that the end result was 36 com¬ 
posite samples each containing 1/36 of each original field-run barrel and all 
practically identical as to tuber sizes. When duplicates were kept in the 
same bin for the same length of time, the percentage of tubers with net 
necrosis or stem-end browning was practically the same, so that each series 
of 36 samples could be used for comparing 36 different combinations of tem¬ 
perature, duration, and humidity. No method was found successful for 
making more than one examination of a given sample. 

EFFECTS OF TEMPERATURE AND RELATIVE HUMIDITY 

RestiUs tvUh the Crop of 19iO 

Tests were made with 432 samples (12 series of 36 each) from the crop 
of 1940 from four fields. Tliere was the least of either kind of internal dis¬ 
coloration at 32-33° F., the most at 50°, and intermediate percentages at 
38° and 60°. Several comparisons by Student ^s method were possible, each 
between 22 to 24 samples in one bin and the same number in another bin, 
the members each pair coming from the same series of 36 composite 
samples made up at harvest time. The results, given in table 1, show in 
comparisons 1, 4, and 5 that 5 to 12 degrees’ differen(*.e gave highly significant 
differences in the ])er(fentage of tubers with net ne(*rosis or stem-end brown¬ 
ing; in the other comparisons, witli little or no diffenoice in t<‘nip<‘ratm*e 
there were only nonsignificant differences in internal dis(M>loration. The 

TABLE 1.— Effect of temperature differences on percentage of tubers havinff net 
necrosis and developing stem-end browning in storage. Samples compared by Student 
method,^ Crop of 1940 


Com¬ 

Pairs’^ 

Tempera¬ 

Belative 

Net necrosis 

Stem end browning 

parison 

ture 

humidity 

Means 

Odd sc 

Means 

Odds'* 




Fer cen! 

Fer 

cent 


Fer 

cent 


1 

22 

33 

86 

3.3,3 

128: 1 

hU 

61: 1 



38 

89 

6.61 


1.75 


2 

22 

38 

77 

4.88 

14: 1 

1.44 

Under 10: 1 



38 

89 

6.61 


1.75 


3 

22 

39 

79 

8.42 

3.67: 1 

2.40 

Under 2: 1 



38 

89 

7.81 


2.32 


4 

24 

38 

89 

5..36 

Over 9999: 1 

2.12 

Over 9999: 1 



1)0 

88 

10.60 


13.29 


5 

22 

39 

79 

8.42 

Over 3332: 1 

2.40 

Over 9999: 1 



50 

82 

17.67 


14.12 


V 6 

22 

50 

75 

17.27 

Under 3:1 

13.44 

Under 10: 1 



50 

82 

17.67 


14.12 


7 

23 

60 

71 

6.78 

Under 10.5: 1 

10.99 

Under 6.52: 1 



60 

79 

6.10 


10.39 



a Method as given in (8). 

b In each comx)arison, 22 to 24 samples, of 700 to 1000 tubers .apiece, held in one 
storage locker were paired respectively with the same number of samples in another 
storage locker, the members of (*acli pair liaving come from tlie s.aiiu* series of :U> com¬ 
posite samples and having been stored for the same length of time. 
cOdds cohsidered significant only if 30 or more to 1. 
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relative liumidity (71 to 89 per cent) had no apparent effect on either kind 
of defect. At 50° F., stem-end browning continued to increase appreciably 
until the middle of November, and net necrosis usually until in December or 
January but until in March or April in some series of samples. Samples 
kept at low temperatures until in November and then wmrmed to the opti¬ 
mum temperature developed net necrosis but not stem-end browning, indi¬ 
cating a permanent inhibition of stem-end browning by exposure to low tem- 
I)erature during the first part of the storage season. 

Results with the Crop of 1911 

No attempt was made to control humidity after the tests with the crop 
of 1940, although relative humidity was recorded daily. The 288 samples 
(8 series of 36 each) of the crop of 1941 from 4 fields were variously exposed 
to temperatures of 33°, 37°, 40°, 44°, 47°, 51°, and 60° F. The optimum 
tested temperatures for the development of net necrosis were 44°, 47°, and 
51° F., respe(dively, for the three series having an appreciable amount of the 
defecit, running about 33, 28, and 37 per (‘ent (11, p. 298-302, 329). In the 
case of stem-end browning the percentage of affected tubers was greater at 
60° F. (running from 9 to 47 per (ont) than at hover temperatures. The 
maximum percentage was reached or nearly reached in 45 to 65 days after 
harvesting. 

Some samples w'<*re shifted from suboplimum cO optimum temperatures. 
Samples lield 10 to 30 days at 33° F. and then moved to 47° developed less 
net necrosis than sam])les held from the first at 47° in the same period of 
time. Further, 30 to 90 days at 33° apparently conditioned the tubers so 
tliat siibseciuent exposure to 47° was followed by no furtln development, or 
very little, of net necrosis. In one series of samj)les, stem-end browuiing de¬ 
veloped in 120 days in 13 per cent of the tubers stored at 33°, in 33 ])er cent 
at 51°, in 14 per cent at 33° for 60 days followa^d by 51° for 60 days, and 
in 23 per cent at 33° for 30 days followed by 51° for 90 days. Apparently 
60 days at 33° F. ‘‘conditioned’’ tlie tubers so that subsequent exposure to 
51° W’as follow^ed by practically no further development of stem-end 
browning. 

Results ivith the Crop of 1912 

One hundred forty-four samples (4 series of 36 each) from four fields, 
crop of 1942, were variously exposed to storage temperatures of 31°, 33°, 
36°; and 51° F. at wdiich tlie relative humidity averaged, respectively, about 
76, 75, 78, and 78 per cent. The maximum percentage of tubers wdth net 
necrosis w’as reached, or practically reached, at 52° F., in 60 to 90 days after 
digging, and, with stem-end browming, in 60 to 120 days after digging. 
Samples kex)t until 200 days after digging show^ed, in some series, some 
decrease from the maximum in percentage net necrosis or wuth stem-end 
browning at both 51° and 36° F. (13, p. 279). The data in table 2 show 
that considerably more net necrosis and stem-end browaiing developed in 
90 days in storage at 51° F. than at 31°, 33°, or 36°. The difference w^as 
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somewhat less in the samples from Field 3 where about 12 per cent of the 
tubers already had net necrosis at harvest time. 

Some samples were exposed first to suboptimal or snpraoptimal tempera¬ 
tures and then to about optimum temperature. The data, in table 3, show 
that 60 days’ *‘eoiiditioiiing” at 31'’, SS'’, 36'’, or 71'’ F. reduced consider¬ 
ably the amount of net necrosis or stern-end browninj^ that developed sub- 
secjuently in 60 days at 51° F., in stocks where the discoloration potential 
was present, as compared with the development in 60 to 120 days at a con¬ 
stant temperature of 51°. Tlie perinaneully inhibitiiij** effect of extreme 
temperatures was somewhat less in the samples from Field 3 where net 
necrosis had already developed in Vl per cent of the tubers by liarvest time. 
In the other series of samples the sup{)ressiiig effe(*t of low temperature was 

2.— Df'velopmenl of nrt nrrros'is and ston riul hrowniruj in sawpl n of 1942 
crop kept for 90 days at several eonsfant temperat nrt s 


Nct-nccrosis percentage Sttnu-eiid browning ]>tn*cenlag<? 

ri(*id ...■.-.-. .-.-. 



31° F. 

33° F. 

36° F. 

51° F. 

3F‘ F. 

33° F. 

36° F. 

51 F 

1 

0 

0 

0 

0.4 

0.6 

0.7 

1.7 

21.7 

2 

0 

0 

0 

0.1 

1.1 

1.3 

1.6 

39.5 


15.3 

17.1 

20.0 

36.2 

1.4 

1.5 

1.5 

6.1 

'M 

3.4 

5.2 

8.1 

24.3 





4 

0.4 

0.6 

0.7 

15.0 

0.7 

0.7 

0.4 

15.9 


a Increase over the 11.9 per cent at harvest time, when storage at difl’erent t(‘nij)ora- 
tures was begun. 

somewhat greater on stem-end browuiing than on net necrosis, and high 
temperature inhibited net necrosis somewhat jnore than low temperature did. 

Residis ^vith the Crop of 1913 

One hundred forty-foui* sanipl(‘s (4 series of 36 eatdi) from four fields, 
crop of 1943, were variously exposed to storage temperatures of 32°, 36'’, 
70°, 65°, and 50° F. at wliich the relative humidify averaged, resi)e(dIvely, 
about 79, 78, 78, 78, and 87 per cent. At 50°, the maximum ])ercentage of 
tubers with net nec'rosis was reached in 90 to 100 days and tlie percentage 
then gradually declined until in April when the tid)ers were too rotted, 
sprouted, and slirivelled for accurate diagnosis. At 50°, tin* inaximum 
percentage of tubers with stem-end browning w’as not reached in two series 
until 120 to 240 days after harvest time, Avith no subsequent d(‘cline. Some 
samples, listed in table 4, showed that conditioning at 70° or 32° F. for 60 
days, previous to 60 days at 50° F., completely j)revented or greatly reduced 
the development of net nei'rosis and stem-end browuiing. Conditioning at 
65° or 36'’ was less effective in some instances. Other samples in the same 
series (13, p. 278) showed that at 70° and 65° shorter periods of conditioning 
(30 and 15 days) were often much less effective than was conditioning for 
60 days. 

Field 2 had been in potatoes the past three years, w\as on the same farm 
as Field 2 of 1941 and Field 1 of 1942 in these studies, and w^as expected to 
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yield a crop with as much stem-end browning as these other fields had. The 
drop to practically none can be attributed to a change in the source ol: seed, 

TABLE 3.— N( t necrosis and stem-end browning in samjdcs of 1943 crop and the 
permanently inhibiting effect of low or high temperaiure during first part of storage 

Day 

Field 

s in 8torage*‘ at 



Stem-end 

F. 33" F. 

30^’ F. 

71° F. 

51° F, 

jN et necrosis 

browning 





Per cent 

Per cent 

1 



60 

0.3 

16.2 

00 



60 

0.0 

0.4 

60 



60 

0.0 

0.4 


60 


60 

0.0 

0.9 




120 

0.3 

22 1 

0 



60 

0.2 

30.0 

()0 



00 

0.0 

0.3 

60 



00 

0.1 

0.5 


60 


60 

0.0 

1.2 




120 

1.7 

42.1 

3 



00 

29.7 

5.2 

60 



00 

18.7 

2.2 

60 



00 

17.1 

1.0 


00 


r>o 

20.6 

3.3 




120 

3.5.3 

5.7 

3f> 



60 

17.8 


00 



00 

0.8 


00 



00 

5.2 



00 


00 

M.7 





120 

23.4 

. 

4 



00 

15.8 

11.1 

00 



00 

1.0 

0.0 

00 



0(» 

‘> 9 

0.4 


00 


00 

4.7 

1.5 




120 

17.1 

14.7 

1 



30 

0.4 

8.2 



00 

30 

0.1 

1.0 




1»0 

0.4 

21.7 

2 



.30 

0.0 

23.3 



60 

3t* 

0.0 

0.9 




90 

0.1 

39.5 

3 



30 

22.7 

4.8 



60 

30 

12.2 

2.1 




!H.) 

30.2 

0.4 

3'* 



30 

10.8 




00 

30 

0.3 





90 

24.3 


4 



30 

9.4 

5.1 



00 

30 

1.9 

1.8 




90 

15.0 

15.9 

a Periods in storage at dilTcrent temperatures given from left to right as they 
occurred in the experiment. 

h Increase over the 11.9 j)er cent at harvest time, when storage at different tempera¬ 
tures was begun. 

the owner of the farm having been convinced that there was a difference 
between strains of Green Mountain with respect to the ability to develop 
stem-end browning. 
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TABLE 4 .—Net necrosis and stem-end hrowning in samples of 1943 crop and the 
permanently inhibiting effect of low or high temperature durmg first part of storage 


Field 


Days in storage^ at 

50° E. 

Net necrosis 

Stem-end 
browning 

32° F. 

36° F. 70° F. 

65° F. 






Ter cent 

Per cent 

1 

60 



61 

0.0 

0.0 



60 


61 

0.3 

0.0 



60 


61 

0.0 

0.2 



30 

30 

61 

0.0 

8.6 




60 

61 

0.0 

34.6 




«r 

60 

2 2 

25.5 




.i 

121 

1.1 

30.0 

3 

GO 



61 

0.1 

0.0 



60 


61 

3.5 

0.0 



60 


61 

0.6 

0.1 



30 

30 

61 

2.S 

0.0 




60 

61 

7.8 

5.5 





60 

18.6 

6.1 





121 

17.6 

4.5 


«Periods in storage at different temperatures given from left to right as thev 
oeeurred in the experiment. 

Results tviUi the Crop of 1915 

No stiuly was made oi* these del'ects with the 11)44 (‘rop. However, 72 
sampJes (2 series of 36 each) from the crop of 1945, From two fields, were 
exposed to storag’e temperatures of 34'', 38°, 44°, and 50° F. at wliieh the 
relative humidity averaged, resjundively, about 83, 83, 85, and 90 per cent. 
At 50° F. the inaximum jiercentage of tubers with net necrosis was reached 
in 70 to 90 days and with stem-end browning in 100 to 130 days. Each 
kind of internal discolorati n was graded in each tuber as either ‘‘culF’ or 
'‘mild,’^ the distinction being made on the basis of whether more or less than 
5 i)er cent of the weight of the tuber had to be slicked off in order to rcmiove 
all discoloration. This is a distinction used in the U. S. grades for potatoes, 
grade No. 1 having tolerance for only a certain amount of tubers with 5 per 
cent waste as determined by slicing. The several temperatures were con¬ 
sidered to be rei)resentative of potato storages (2, Tables 1 and 5) and 
certain samples were sliiftt^d from suboptimum to optimum temperatures 
to simulate the suc(?ession of storage, transit, and mai’ket conditions in com¬ 
mercial practice. 

As indicated in table 5, exposure to 50° F. for one or two w’eeks after 
exposure to a low temperature often resulted in (ionsiderably more net 
necirosis than developed in the same i)eriod during exposure to only the low 
temperature. For example, in sample 215 after 72 days at 34° F. there was 
only 3 per cent cull net necrosis while in sample 214 after 56 days at 34° 
and 15 days at 50° (total 71 days) there was 7 per cent cull net necrosis. 
However, a shift from 34° or 38° to 50° did not have a similar increasing 
effect upon stem-end browning, which apparently was permanently in¬ 
hibited by these two lower temperatures more than was net necrosis. The 
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TABLE 5 .—Efcct of storage temperature on net necrosis and stem-end browning in 
samples of 1946 crop 


Days ill storage^ at Tubers with 



34/’ E. 

38^^ F. 

44^^’ F. 

50« F. 

All 

temp. 

Av. 

temp. 

Not necrosis 

Stem-end 

browning 

Cullc 

Total 

Cullc 

Total 







0 17 

Per 

Per 

Per 

Per 








cent 

cent 

cent 

cent 

102 

28 



8 

36 

38 

1 

2 

0 

q’'d 

105 


28 


7 

35 

40 

3 

5 

0 

0 

108 



28 

7 

35 

45 

8 

10 

0 

T 

111 




35 

35 

50 

10 

13 

1 

6 

]04 

43 




43 

34 

1 

2 

0 

0 

103 

28 



14 

42 

39 

1 

5 

0 

0 

107 


43 



43 

38 

2 

3 

T 

T 

100 


28 


14 

42 

42 

3 

7 

0 

0 

110 



43 


43 

44 

8 

10 

0 

T 

109 



28 

14 

42 

46 

7 

10 

0 

1 

112 




42 

42 

50 

10 

17 

2 

6 

113 

50 



8 

64 

36 

1 

3 

0 

0 

110 


50 


8 

64 

40 

3 

5 

0 

0 

119 



56 

8 

64 

45 

8 

10 

1 

5 

-j *)i) 




64 

64 

50 

11 

12 

10 

30 

115 

70 




70 

34 

1 

3 

0 

0 

114 

50 



14 

70 

37 

1 

5 

0 

0 

118 


71 



71 

38 

4 

8 

0 

0 

117 


50 


14 

70 

40 

3 

7 

0 

0 

121 



71 


71 

44 

9 

11 

1 

2 

120 



50 

14 

70 

45 

8 

9 

1 

3 

123 




70 

70 

50 

10 

12 

9 

23 

124 

84 



4 

91 

35 

1 

2 

0 

0 

127 


84 


7 

91 

39 

3 

6 

0 

0 

130 



84 

7 

91 

45 

9 

10 

1 

6 

133 




91 

91 

50 

10 

10 

14 

32 

120 

100 




100 

34 

1 

3 

0 

0 

125 

84 



14 

98 

30 

0 

3 

0 

0 

129 


99 



99 

38 

4 

6 

0 

0 

128 


84 


14 

98 

40 

4 

6 

0 

0 

132 



99 


99 

44 

9 

10 

2 

9 

131 



84 

14 

98 

45 

9 

9 

3 

10 

134 




98 

98 

50 

10 

10 

16 

30 

135 




99 

99 

50 

10 

10 

15 

34 

130 




126 

120 

50 

8 

8 

17 

34 

202 

28 



9 

37 

38 

4 

8 

0 

0 

205 


28 


9 

37 

41 

7 

13 

0 

0 

208 



28 

10 

38 

40 

23 

26 

0 

0 

211 




37 

37 

50 

23 

20 

T 

T 

204 

43 




43 

34 

2 

5 

0 

0 

203 

28 



15 

43 

40 

4 

10 

0 

0 

207 


44 



44 

38 

5 

9 

0 

0 

20() 


28 


15 

43 

42 

11 

10 

0 

0 

210 



44 


44 

44 

22 

24 

0 

0 

209 



28 

10 

44 

40 

22 

25 

0 

0 

212 




43 

43 

50 

28 

32 

1 

1 

213 

56 



8 

64 

30 

7 

16 

0 

0 

210 


56 


8 

64 

40 

12 

16 

0 

0 

219 



56 

8 

64 

45 

23 

26 

T 

1 

‘>‘>0 




64 

64 

50 

31 

32 

2 

3 
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TABLE 5 (Continued) 


iinplea 

34/^ F 

Djiys in storage*’ at 

. SB'’!’. 44° F. 50° F. 

All 

temp. 

Av. 

temp. 

Tubers with 

1 . • Stem-end 

Net necrosis browning 

(hillp Total CulF Total 







OF, 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

215 

72 




72 

34 

3 

5 

0 

0 

214 

56 



15 

71 

37 

7 

14 

0 

0 

218 


72 




38 

7 

12 

0 

0 

217 


,56 


15 

t71 

41 

14 

18 

0 

0 

221 



72 


72 

44 

26 

28 

1 

1 

220 



56 

15 

71 

45 

31 

32 

1 

1 

223 




71 

71 

50 

31 

32 

1 

‘> 

224 

86 



8 

94 

35 

7 

14 

0 

0 

227 


86 


8 

94 

39 

15 

21 

0 

0 

230 



86 

8 

94 

45 

29 

31 

1 

1 

233 




93 

93 

50 

33 

34 

‘> 

2 

226 

100 




100 

34 

4 

9 

0 

0 

225 

86 



15 

101 

36 

12 

20 

0 

(1 

229 


102 



102 

38 

10 

16 

u 

0 

228 


86 


17 

103 

10 

20 

25 

0 

0 

232 



103 


103 

44 

27 

29 

1 

1 

231 



86 

15 

101 

45 

28 

31 

1 

1 

234 




102 

102 

50 

32 

33 

2 

o 

235 




103 

103 

50 

31 

33 

o 



tt Samples .102 etc. from Field 1, 202 etc. from Field 2. 

Periods in storage at different temperatures given from Icvft to right as they oe- 
curred in the experiment. 

c Cull net necrosis or stem-end browning is that which canses mor(* than 5 per lanit 
sliced-off waste. 

(1 i < T ? > means ‘ ‘ trace ^ ’ or less than O.f) per cent. 

results given in table 5 were used to determine correlation between the 
average storage teni])erature and tlie percentage ot cull net n(M*rosis and of 
total net necrosis. The correlation coefficients are respectively -• 0.845 and 
1 0,852 for the samijles from P^ield 1 and 4 0.893 and i 0.879 for the samples 
from Field 2.^ The relationship may be expressed b}" equations for linear 
regression as follows: 

Field .1, cull nct-iiecrosis percentage = 0.57 (average ° F.—.‘12.7“^^ F.) 

Field 2, cull net-necrosis percentage = 1.73 (average ° F.—32.r- F.) 

Field 3, cull net-necrosis percentage " 0.50 (average F.—29.0'^ F.) 

Field 4, cull nt^t-necrosis percentage -1.47 (average F.—27.8'^^ F.) 

This means, for example, that for every degree of temperature over 32.7° P., 
the samples from Field 1 developed 0.57 per cent cull net necrosis. There¬ 
fore the proportion of tubers developing either cull net necrosis or all 
degrees of net necrosis was determined largely by the excess of average 
temperature over a given temperature that varied, with the four sets of 
determinations, from 27.8° to 32.7° P. 

3 Highly significant (18, Table 16). 




TABLE G .—Bate of dcrtlopment of n(t necrosis and stem-tnd browning in emps t/f to 194^'^ in st</ragc at or near optimum temperature 
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There is not a similar relationship between temperature and stem-end 
browning in this test, because the lower temperatures had a greater in¬ 
hibiting effect upon this kind of discoloration than upon net necrosis. 

EFFECT OP TIME OF EXAMINATION 

All internal discoloration had developed by December 15 in the 1937 crop. 
In the 1938 crop, the maximum of net necrosis w^as reached by November 23 
and December 27, respectively, in two series, but of stem-end browning not 
before February 11 (time of last examination of any samples). In the 
1939 crop, the maximum net necn^iis was reac'hed in February and the 
maximum stem-end browning by mid-December. Similar data for the com¬ 
posite samples of later crops are given in table 6, and show that there usually 
was some net necrosis and stem-end browning at harvest. Harvest dates 
occurred from September 12 to October 13. Most of either kind of dis- 

TABLE 7.— Net necrosis and stem end browning in duplicate samples in the same scries 


Crop 


1942 


1943 


1945 


Tempera¬ 

ture 

Period 

Field 

Sample 

Special 

treatment 

Net 

necrosis 

Stem- end 
browning 

OF. 

Days 




I*er cent 

Per rent 

52 

150 

1 

A 


0.1 

19.6 




B 


0.6 

19.7 



2 

A 


1.2 

41.0 




B 


0.6 

37.8 



3 

A 


35.5 

6.2 




B 


36.1 

6.1 



4 

A 


15.1 

15.2 




B 


15.3 

14.4 

50 

120 

1 

A 


0.3 

24.6 




B 


1.1 

30.7 




C 

Clippinga 

1.8 

4.3 




11 

SplittingJ^ 

1.9 

5.3 




E 

Bo 

0.4 

5.1 



2 

A 


0.3 

2.0 




B 


0.5 

2.3 




0 

Cli])piMg 

0.0 

0.0 




1) 

Splitting 

0.0 

0.0 




E 

Bo 

0.0 

0.0 



3 

A 


20.9 

4.9 




B 


20.5 

4.7 




C 

Clipping 

10.1 

0.3 




I) 

Splitting 

6.1 

0.0 




E 

Bo 

4.1 

1.0 



4 

A 


19.6 

8.4 




B 


18.1 

8.0 




C 

Clipping 

14.0 

0.0 




D 

Splitting 

10.4 

0.0 




E 

Bo 

14.6 

0.0 

50 

100 

1 

A 


9.8 

35.8 




B 


10.1 

34.1 



2 

A 


33.3 

2.0 




B 


33.4 

2.6 


a Each tuber had ^ inch of the stem-end clipped off at the beginning of storage. 

^ Each tuber was split at the beginning of storage, half going into sample D and 
half into sample E. * 
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coloration developed in storage. Net necrosis reached a maximum by 
October 19 to Ajiril 29, usually by the end of January. Stem-end brown¬ 
ing reached a maximum by October 4 to May 16, usually by the end of 
February. 

DUPLICATES 

Comparisons 2, 6, and 7 of table 1 show that, in the 1940 crop, duplicate 
samples in the same series developed practically the same percentages of 
tubers affected with net necrosis or stem-end browning if kept for the same 
length of time at the same temperature, even if in different lockers. 

Duplicate samples of the crop of 1942 were kept at 52"^ F. for 150 days. 
The results of examination, given in table 7, show very close agreement be¬ 
tween duplicates. 

Duplicate samples of the crof) of 1943 were kept at 50® F. for 120 days. 
The results, given in table 7, show very close agreement between nontreated 
dupli(*ates in most cases. Du})licates with the stem-end clipped off for I 
inch at the beginning of storage had net necrosis usually reduced and stem- 
end browning eliminated or greatly reduced. Splitting of the tubers at 
the l)eginning of storage to make two split-tuber duplicate samples had the 
sam(‘ I’educing effect as clipping, and the split-tuber duplicates often agreed 
with one another less than the whole-tuber du])lieates in the same series. 

Duplicate samples of Ihe cro]) of 1945, kept at 50° F. for 100 days, also 
agreed closely one with an oilier (Table 7). 

Altogether, these results showed that the composite samples made as 
described were re])lieates very similar as to potentiality for the development 
of net necrosis or stem-end browning. Repeated examination of the same 
tubers apjiarently does not yield reliable data. 

EFFECT OP SIZE OF TUBER 

Using the crop of 1937, Folsom and Rich (4, p. 321) showed that stem- 
end browning increased in frequency as tuber weight decreased, while net 
nei'rosis, where abundant, decreased in frequency. 

When the 72 samples from the crop of 1945 were examined, in each in- 
staiK'C the record of net necrosis and stem-end browning was made by cen¬ 
turies of tuliers, always examining in turn the 100 apparently largest as a 
groii]) until the sample was finished. From the records thus obtained, the 
average was determined for the 8 or 9 centuries of largest tubers stored en¬ 
tirely or predominantly at 34® F., then for the next largest tubers, and so 
on ; this was repeated for temperatures of 38®, 44®, and 50® F. 

The results, in table 8, show that in each field, at every storage tem- 
])erature, the ])ereentage of tubers developing net necrosis, whether cull, 
mild, or total, tended to decrease with smaller tuber size with few exceptions. 
For example, the part of tlie crop from P^ield 2 kept at 50® F. averaged 46.3 
per cent net necrosis for the largest-tuber centuries and decreased, as rela¬ 
tive tuber size decreased, to 41.5, 37.1, 33.0, 23.6, 21.4, and 17.9 per cent, 
respectively, for the centuries wuth progressively smaller tubers. One pos- 



TABLE 8 .—Effect of tuber size on net necrosis and stem-end browning. Crop of 

1945 


Field 


If 


Tubers with 


Temiiera* 

turea 

Oenturyb 

net 

necrosis'' 



Cun'! 

Mild® 

All 

°E. 


Per 

Per 

Per 


cent 

cent 

cent 

34 

1 

1.0 

5.1 

6.1 


2 

0.8 

2.8 

3.G 


3 

0.9 

2.3 

3.2 


4 

0.7 

l.G 

2.2 


5 

0.8 

1.0 

1.8 


6 

0.9 

O.G 

1.4 

38 

1 

4.2 

7.0 

11.2 

2 

3.2 

3.G^ 

6.8 


3 

3.2 

3.0^ 

6.2 


4 

3.2 

1.8 

5.0 


5 

2.7 

1.2 

3.9 


G 

1.8 

1.1 

2.9 

44 

1 

12.G 

2.0 

14.G 

2 

11.1 

2.4 

13.G 



8.7 

1.9 

lO.G 


4 

8.0 

1.3 

9.3 


5 

4.7 

1.2 

5.9 


G 

1.4 

0.4 

4.9 

50 

1 

IG.G 

1.9 

18.5 


k> 

12.0 

1.1 

13.1 


3 

9.4 

0.8 

10.1 


4 

9.9 

l.G 

11.5 


5- 

G.l 

1.8 

7.9 


G 

4.9 

1.4 

().3 

34 

1 

7.4 

14.7 

22.1 



().G 

9.2 

15.8 


3 

<;.9 

7.0 

13.9 


4 

5.3 

4.1 

9.5 


5 

4.3 

2.1 

G.4 


G 

5.1 

0.9 

G.O 


7 

3.1 

0.2 

3.3 

38 

1 

18.2 

12.G 

30.8 

2 

13.0 

8.3 

21.3 


:i 

12.8 

5.0 

18.3 


4 

n.o 

3.4 

14.4 



9.3 

2.1 

1 1.4 


G 

8.1 

1.2 

9.3 


i 

G.3 

0.2 

G.O 

44 

1 

37.4 

5.0 

42.4 


o 

33.3 

4.1 

37.4 


3 

25.G 

3.4 

29.0 


4 

25.8 

1.4 

27.2 


5 

21.7 

1.2 

22.9 


() 

19.3 

O.S 

20 !*! 


7 

IG.O 

0,2 

1G.2 

50 

1 

42.5 

3.8 

46.3 


2 

39.5 

2.0 

41.5 


3 

35.0 

2.1 

37.1 


4 

31.4 

l.G 

33.0 


.5 

23.0 

O.G 

23.6 


6 

20.3 

l.T 

21.4 


7 

17.5 

0.4 

17.9 


Tubers with 
stem-end 
browning 

Ratio cull per¬ 
centage to tothl 
X:>ercentage 

Guild 

Mild® 

All 

N.N. 

S.E.B. 

per 

cent 

0 

Per 

cent 

0 

Per 

cent 

0 

0.1G4 


0 

0 

0 

0.222 


0 

0 

0 

0.281 


0 

0 

0 

0.318 


0 

0 

0 

0.444 


0 

0 

0 

0.643 


0 

0 

0 

0.375 


0 

0 

0 

0.471 


0 

0 

0 

0.51 G 


0 

0 

0 

0.640 


0 

0 

0 

0.G92 


0 

0 

0 

0.G21 


0 

2.0 

2.0 

0.8G3 

0.000 

0.2 

2.G 

2.8 

0.8 IG 

0.071 

0.3 

4.G 

4.9 

0.821 

0.0 G1 

1.2 

5.1 

G.3 

0.8 GO 

0.190 

l.G 

3.1 

4.7 

0.797 

0.340 

2.1 

l.G 

3.7 

0.898 

0.5G8 

1.3 

21.3 

22.5 

0.897 

0.058 

3.8 

23.5 

27.3 

0.9 IG 

0.139 

10.0 

18.3 

28.3 

0.931 

0.353 

13.9 

14.5 

28.4 

O.HGl 

0.489 

1 G.5 

8.1 

24.(5 

0.772 

0.G71 

15.5 

3.3 

18.8 

0.778 

0.824 

0 

0 

0 

0.335 


0 

0 

0 

0.418 


.0 

0 

0 

0.4 9G 


0 

0 

0 

0.558 


0 

0 

0 

O.G 7 2 


0 

0 

0 

0.850 


0 

0 

0 

0.939 


0 

0 

0 

0.591 


0 

0 

0 

O.G 10 


0 

0 

0 

0.G99 


0 

0 

0 

0.704 


0 

0 

0 

0.8 IG 


0 

0 

0 

0.871 


0 

0 

0 

0.955 


0.1 

0.1 

0.2 

0.882 

0.500 

0.1 

0.1 

0.2 

0.890 

0.500 

O.G 

0.1 

0.7 

0.883 

0.857 

O.G 

0.1 

0.7 

0.949 

0.857 

0..9 

0.2 

1.1 

0.948 

0.818 

1.0 

0.1 

1.1 

0.960 

0.909 

0.8 

0 

O.S 

0.988 

1.000 

0.1 

0.4 

0.5 

0.918 

0.000 

0.8 

0.3 

1.0 

0.952 

0.800 

1.5 

0.3 

1.8 

' 0.943 

0.833 

2.0 

0.3 

2.3 

0.952 

0.870 

2.4 

0.1 

2.5 

0.975 

0.960 

3.5 

0.4 

3.9 

0.949 

0.897 

2.9 

0 

2.9 

0.978 

1.000 


a Ternpeniturc at Avlvieli all or most of the storage period of 35 to 128 days Avas spent. 

b Each 100 tubers were selected as the hirgest appearing ones in the sample. H ence 
those in the first century were the largest, those in the second were the next largest, etc. 

« Each figure represents 800 or 900 tubers, 100 from each of 8 or 9 samples. 

•J Cull net necrosis or stem-end broAvning is that which causes more than 5 per cent 
sliced-off waste. 

eMild net necrosis or stem-mid browning is that which causes less than 5 per cent 
sliced-off waste. 

f With seed-originated leafroll in 5 jicr cent of the hills. 

K With seed-originated leafroll in 12 x)or cent of the hills. 
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sible explanation of this positive correlation between relative tuber size and 
percentage of tubers with net necrosis is that there was a corresponding cor¬ 
relation between relative tuber size and new leal'roll infection. Another is 
that wuth the same incidence of leafroll infection there was a tendency for 
larger tubers to react more often than smaller ones by developing net 
necrosis. Finall.y, both may occur. 

The results with respect to stem-end browning were somewdiat similar in 
the 44° and 50° F. series of samples from Field 2, in cull and total per¬ 
centages. Here the percentage tended to increase with smaller tuber size. 
In Field 1 there was no corr(‘lation between tuber size and total percentage. 
The cull percentage increased and the mild percentage decreased with 
smaller tuber size, j)resumably because stem-end browning was shallow in 
all tubers and caused 5 jier cent waste more often in smaller tubers. 

An increase in the ratio of <‘ull peiufcntage to total percentage with a 
decrease in tuber size, was true (Table 8, last two (‘olumns) generally of both 
kinds of discoloration. It was less })ronounced with respect to net necrosis 
in samples held at 44° and 50° F., probably because tliese temperatui;es wei*e 
optimum not only foi* [)ercentage of tubers developing the symptom but also 
for penetration deep enough to cause 5 per cent waste even in most of the 
larger tubers. 

ItA'I’IO OF NET NECHOSIS TO NEW LEAFKOLli INFECTION 

Net. necrosis api»ears in late summer or fall before harvesting, or in 
storage. It appears oidy in tubers that have been invaded by the leafroll 
virus during the growing season in which tliey were produced. Such tubers 
may be (^alled jiotentially net-necrosis tubers. The proportion of these that 
ax'tually develop net necrosis is a ratio that sometimes varies with tuber size. 

Using data of Schidtz and Folsom (16. j). 70) on the crop of 1919, the 
following relation between tuber weiglit and percentage of newly infected 
I(^aTroll tubers sliowing net n(‘crosis is calculable for three seed stocks: 


Tubei 

r weiglit, in oz. 

2 


2-4 

2—5 

2-6 

2-7 

2-8 

2-9 

2-10 2-11 

N N /] 

ill, ill per cent, lot A 

54 

59 

65 

66 

67 

68 

69 

71 

72 


B 

67 

67 

75 

71 

75 

72 

72 

72 

72 67 


C 

0 

100 

100 

83 

82 

88 

87 

87 

87 


Ill lot A there is a consistent increase in the ratio as the average tuber weight 
is greater. The same relation is evident from furtlier data of Schultz and 
Folsom (17, p. ()4) on the crop of 1921: 

Tuber Avcight, in oz. 1-2 1-3 1-4 1-5 l-d 1-7 1-8 

NN/IjK, in per cent 45 59 64 67 71 76 79 

The proportion of net necrosis to new leafroll infection probably varies 
also with variety, temperature, length of time ela])sed after maturing of the 
tubers, time of plant inoculation by aphids,^ time of harvesting (11, p. 296) , 

4 The results of grafting by Uondo, Hiinpson, tiiul flovi'y (15) in the summer of 1944 
wt'ic* tluit tho })roportioii of 1cm froll tul)crs that showed net necrosis ro.se from 0.08 in grafts 
made duly 5 to 0.82 in grafts made August 9 and then deedined to 0.53 in grnfts nmde 
Septemb(‘V 2. If c,vperinicntnl infection by aphids should show a similar correlation be¬ 
tween time of infection and proportion of newly infected lejifroll tubers that get net 
necrosis, it would bo roasoimblo to suppose that the ]>roportion refe'rrod to might vary 
from one field to another according to the time of the greatest infection by aphids. 
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degree of maturity at hai’vesting (10, p. 498), and kind and amount of 
mineral fertilizer applied (11, p. 297-298; 12, p. 432-433; 13, p. 218-219). 
It therefore should not be surprising to find that the NN/LR ratio varies 
considerably even when all the leaf roll is of recent infection. Folsom and 
Rich (4, j). 315) found in the crop of 1937 an average ratio of about 1: 3.3, 
With extremes of 1:1 and 1: 9, among 29 (Ireen Mountain seed stocks. In 
the 1939 crop grown on Iliglnnoor Farm, near Monmouth in southwestern 
Maine, although half the tubers were newdy infected with leaf roll there was 
no net necrosis in samples stored at 3237®, 41®, 45®, 54®, 72®, 77®, 
and 86® F. I 

In Aroostook-grown samples of the crop of 1942, the ratio of net necrosis 
percentage (at 51° F.) to new leaf roll percentage varied considerably be¬ 
tween different varieties and between different samples of Green Mountains. 
It was less than 0.01 for Chippewa, about 0.05 for Sequoia, about 0.10 for 
Katahdin, about 0.20 for Sebago, from about 0.20 to 0.40 for Irish Cobbler, 
and 0.27 to 1.00 (averaging 0.79) for 14 Green Mountain sain pies, as com¬ 
pared with 0.20 for Green Mountain grown on Highmoor Farm (12, p. 220 
and 276). 

EFFECT OF KEOION 

8tem-end browning was found in 28 of 30 l)ins examined in central 
Maine in the 1929 crop, with an average of 9 per cent of the tid)ers affeeded. 
The 1929 crop in Aroostook County in nortlieastern Maine had considerable 
net necrosis, but only one stored stock had an a})preciable amount of stem- 
end browning. The 1937 crop in Aroostook CoTinty had still more net 
necrosis, but of 52 stored stocks examined, only 4 had more than 1 per 
cent of the tubers with sterii-end browning. 

At harvest time in 1942 in Aroostook County, soil temperature was found 
to be slightly below the optimum tem])erature for the devel()])ment of net 
necrosis. One lockei- was held at the same tem|>eratiire as that of the soil 
during harvest time, and samj>les kept in it developed almost a.s much net 
necrosis and stem-end browning as samples kej)t at 51® F. 

In Pennsylvania’ although several types of stern-end browning were 
troublesome, leafroll net necrosis was seldom found. 

In New York, on Ijong Island, Green Mountains are subject to consider¬ 
able leafroll spread, but develop little if any net necrosis. The reason prob¬ 
ably is the high soil teiiiperature prevailing (over 70® F.) up to the time 
potatoes are harvested (1, p. 9). 

.Aphid transmission of leafroll to caged plants in Wisconsin in 1927 in¬ 
duced net necrosis evident on October 25, two months after harvesting, in 
50 to 100 per cent of the tubers (6, p. 28-31). Net neci’osis ap])arently was 
common in Vermont in 1926 (6, p. 10). 

Considerable spread of leafroll occurred in Indiana in about 1922 but 
apparently without causing net necrosis (5) although the variety coucerned 
haxs shown net necrosis in Maine. 

5 Letter of April 25, 1940, from K. W. Lauer, Plant Pathologist of the I^cnns.ylvania 
State Dept, of Agric., in charge of potato seed certificatioTj. 
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(Teiierally it seems from the literature and from the temperature relations 
disclosed in this paper, that net necrosis can develop as a symptom of leaf- 
roll only in certain northern states. If a state or potato region is far enough 
South, soil, storage, and market are too warm for the development of net 
necrosis even if leafroll spreads readily and varieties are grown that easily 
develop the symptom at optimum temperatures. If a state or potato region 
is far enough North, leafroll is not common and does not spread often. 
There is a zone where leafroll spreads fairly often and where the tempera¬ 
ture at the end of the growing season and at the beginning of the storage 
season favors tlie develojiment of net necrosis; here either potato growers 
learn to grow a variety with ])ra(dically no net-necrosis potentiality (such 
as Bliss Triumpli, Katahdin, or Chipi)ewa) or else take their losses from 
growing varieties (such as Green Mountain) that will develop the symptom 
Avhen leafroll dissemination, optimum storage temperatures, and other fac¬ 
tors favorable to the ex])r(‘ssion of this defect occur in the same season. 
After working in Maine storages (2), Edgar writes (letter of September 18, 
1945) lliat ‘Gn the (‘arly jiart of storage the average temperatures in Maine 
storages will be 48"^; the average to January 1 is usually 44^^ although the 
temperature January 1 may be below 40''^’’ Therefore most storage tem¬ 
peratures in Maine may be considered generally about optimum for the 
development of net necrosis in Green Mountains under the prevailing con¬ 
ditions of well-distributed Gliippewa and Green Mountain sources of leafroll 
dissemination. 

INCKEASE IN TRANSIT 

Eight stocks of potatoes of the crop of 1939 were sampled by Cedric 
Porter, inspector foi* tlie Division of Markets, Maine State Department of 
Agriculture. From each stock three similar samples were taken. One was 
examined immediately, one was returned to the storage whenc.e it came, and 
one was sent on with a carload of potato(‘s and was examined by one or an¬ 
other lo('al inspector at the point of destination of the shijmient (Washing¬ 
ton, D. C., l^ittsburgh, Cleveland, Baltimore, Philadelphia. Brooklyn, or 
Boston). Tlie per(*entage of potatoes commercially defective*' from internal 
discoloration of the net-necrosis and stem-end browning types increased 
more in home storage than in transit in four out of six i-omparisons wliere 
there was an increase. In the other two comparisons it decreased less in one 
case. Therefore there was no evidence that shipment induced consistently 
either more or less increase than home storage. 

However, in the case of stocks kept at minimum temperatures, there 
could be an increase of net necrosis and stern-end bi-owning in transit and 

0 * *Commereinlly defective’^ Tnenns that a tabor loses over per coat of its weight 
in the course of having all discolored tisvsuo sliced off. The a per cent waste test dis¬ 
qualifies some small tubcis because of stem-end browning, in spite of tin* discoloration 
being com]>nrativelv shallow. Since waste is determined by slices at any angle to give 
elimination of internal discoloration with the least loss of weight, some large tubers niJiy 
have net necr(»sis without being disqualified by the 5 per cent test. Inspectors d'.» 7iot 
differentiate the two kinds of discoloration in their records and do not include all that 
there is of either kind in their records. 
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market, especially early in the season, due to change of temperature from 
too low to optimum. After low temperature has acted long enough on a 
stock to permanently inhibit further develoi)ment of these internal dis¬ 
colorations even at optimum temperature, shipments from such stock may 
be characterized by much less internal dis(*.oloration than parallel shipments 
from other stocks not kept at a low enough temperature to prevent the 
develof)ment of internal discoloration within 90 to 120 days after harvest. 

The results previously described for the samples of the crop of 1945 show 
that considerable increase in percentage of tubers with net necrosis can occur 
in a week or two at 50° P. followin<:| periods at lower temperatures. This 
could easily explain some ditferences between inspectors’ reijorts at point of 
shipment and those at destination. However, such differences could be due 
in part to unreliable or insufficient sampling, bearing in mind especially the 
effect of tuber size. 

CONTROL 

Control of net necrosis or stem-end browning througli the permanently 
inliibiting effect of an initial period at a low temperature probably would 
require artificial refrigeration of storages. Tlie low temiieratures recjiiired 
would prohibit keeping (Ihippewa or Katahdin potatoes in the same storage* 
because of mahogany browning (7 ; 12, p. 291). Control of stem-end brown¬ 
ing through the permanently inhibiting effect of an initial period at a higli 
temperature such as 70° would require heating of storages within a very 
narrow range, inasmuch as 60° F. is not far from the oi)timum for develop¬ 
ment of the discoloration. Heat prevention might be ])racticable for the 
control of net necrosis. IIow(‘ver, heating may be dangerous inasmuch as 
the percentage of tubers developing late blight has been increased from less 
than 5 per cent, at 32 36'' F. for 60 days followed by 50° F. for 60 days, 
to over 20 per cent, at 65-70° F. for 15 to 60 days followed by 50° for 60 
days (13, p. 288). 

Knowledge of the optimum lemperature and required period of time for 
the development of net necrosis and stem-end browning has Indped indi¬ 
rectly toward control through improving tests of the effects of strain, variety, 
fertilizer, etc., upon these discolorations. 

The work reported in this paper indiitates that the control of leafroll 
through selection of stocks showing little or no net necrosis in samples kept 
at optimum temperature, is not feasible because of the low ratio of net 
necrosis to new leafroll infection in some fields. 

wlteasonably good control of stem-end browning ill the Green Mountain 
variety is possible through the use of seed stocks tracing back to certain 
sources in Vermont, Minnesota, and southwestern Maine (14, p. 530-531). 
An example was noted in discussing the temperature experiments with the 
crop of 1943. 

The most desirable means for the control of net necrosis and stem-end 
browning jirobably would be commercially suitable new varieties immune 
from the causes of both. 
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discussion 

The fact that early storage temperatures may determine largely the 
amount of net necrosis or stem-end browning, explains in part how differ¬ 
ences can arise with respect to these forms of internal tuber discoloration 
in different storage houses or in different bins in the same storage house 
even when filled from the same field. Differences in elevation of storage 
bins, in ventilation practices, in insulation, or in tlie temperature of the 
tubers harvested at different times, can influence the temperature enough 
to affect the development of the maladies in question. Interseasonal differ¬ 
ences also may be explained in part by differences in temperature at the 
time of maturity, harvest, and fall storage. 

Interesting questions awaiting biochemical study are why storage tem¬ 
perature influences the development of net necrosis and stem-end browning, 
why clipping of the stem-end and tuber splitting reduce such development, 
why tuber size apparently sometimes influences this development, why leaf- 
roll infection indiU'es net necrosis only when of recent 0(‘curren(*e, and why 
only })art of siudi recent leafroll infection induces net necrosis even at 
0 ]) t i m um temp era tu re. 

SUMMARY 

Leafroll net necrosis of potato tubers develops in Maine mostly during 
the first two or tliree months after harvesting. The percentage of incideiu'e 
becomes liigh(*st at constant temperatures of about 45° to 50° F. and is v(Ty 
low at and 70These threshold temperatures in 60 days can change 
])oteritially net-necrosis tubers so that they will not develop the discolora- 
lion Jat(U' (n^en iii)on being subjected to optimum temperatures. Greater 
tuber siz(* is sometiines correlated with greater frequency of net necrosis and 
with a higluu* proportion of nct-necrosis tubers among those recently in¬ 
vaded by the leafroll virus. Varieties that do not develop net necrosis as a 
leafroll symptom liccome relatively more desirable when the sju’ead of leaf- 
roll increases in a region characterized by soil and storage temxieratnres that 
are about optimum for net necrosis. Net necrosis can sometimes increase 
considerably in transit and market in the event of a change in temperature 
toward the o[)timum. Various factors can inflneiKH.^ storage temperature 
and so indirectly affect net necrosis. A number of field factors, but not 
relative humidity in storage, also can affect net necrosis. 

Stem-end browning of potato tubers iu Maine, not attributable to bac¬ 
terial or fungus organisms, but apparently requiring a virus for its develop¬ 
ment, reacts to temjierature and some other factors much as does net necrosis. 
However, the critical temperatures are somewiiat higher, and smaller tuber 
size rather than larger increases the percentage of incidence. 

Maine Agricultural Experiment Station, 

Orono, Maine. 
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CONTROL OP VIRUS DISEASES OP CABBAGE SEED PLANTS IN 
WESTERN WASHINGTON BY PLANT BED ISOLATION 

Glenn S. Pounds 
(Accepted for publication September 14, 1946) 

INTRODUCTION 

Prior to 1942 practically all of the cabbage seed produced in the United 
States was grown in the Puget Sound area, the greatest concentration of 
acreage being in Skagit County, Washington. The lower Skagit valley is 
relatively small, being less than 25 miles in either dimension. Since cabbage 
is a biennial crop, there is no crucifer-free period during which disease inocu¬ 
lum and insect pests can be completely eliminated as a sourcte of virus inocu¬ 
lum. Seed is sown in large plant beds'^ in early June and the ensuing seed 
crop harvested during July and August of the following year. Thus there 
is an overlapping period of about two months during which seedling j)lants 
for a crop just started are exposed to certain diseases and insect pests affect¬ 
ing the seed crops approaching harvest. 

It is a regular occurrence in this area for infestations of the cabbage 
aphid {Brevicorifne brassicae L.) to build up in seed fields during spring and 
to reach peak intensity during this two-month overlapping period. Winged 
forms migrate thence into young plant beds when the latter are in close 
l)roximity. Since the cabbage aphid is a vector of crucifer viruses,any 
such infection of seed plants would be readily transmitted to seedling plants. 
Such has actually been the ease. In the seed crops harvested in 1943 and 
1944 approximately 60 per cent of all seed plants were infected with cabbage 
mosaic.“ Of 6 large j)lant beds sown in June, 1943, for the 1944 crop, 2 were 
immediately adjacent to such seed fields and th(‘ otlver 4 were less than 100 
rods removed. By actual counts in 2 of these large plant beds, approxi¬ 
mately 80 per cent of the plants were infected with mosaic before they were 
transplanted. During the same season a small experimental plant bed 
grown by the Seed Laboratory approximately 30 miles from the seed-growing 
area had no evidence of virus infection. 

5 Assoemt*^ Pathologist, Division of Fruit & Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra¬ 
tion, United States Department of Agriculture, in cooperation with the Washington Agri¬ 
cultural Experiment Stations, The Vegetable Seed Production Laboratory. Published as 
Scientific l*aper No. (iOlb College of Agriculture and Agricultural Experiment Stations, 
State Pollego of Washington, Pullman. 

The common practice is for a seed-contracting company to grow plants for its 
entire acreage in one large jdant bed. These plants are distributed to growers at 
transplanting time. 

3 Larson, R. IT., and J, C. Walker. A mosaic disease of cabbage. Jour. Agr. Res. 
[U.S.] 59: 367-392. 1939. 

4 Tompkins, C. M. A transmissible mosaic disease of cauliflower. Jour. Agr. Res. 
[U.8.] 55: 33-46. 1937. 

5 Tompkins, 0. M., M. W. Gardner, and H. Rex Thomas. Black Ring, A virus 
disease of cabbage and other crucifers. Jour. Agr. Res. [IT.S.] 57: 929-943. 1938. 

Walker, J. C., Francis LeBoau, and Glenn S. Pound. Viruses associated with 
cabbage mosaic. Jour, Agr. Res. [U.S.] 70: 379-404. 1945. 

10;I5 
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Beginning’ with the 1944-45 crop, it was recommended that seed com¬ 
panies isolate their plant beds, by several miles if possible, from such dis¬ 
eased fields. Conseciuently, 60 per cent of the plants transplanted in tlie 
fall of 1944 had been grown s(‘veral miles from seed fields. The remaining 
40 per cent of the plants were from plant beds located within the seed-grow¬ 
ing area and near seed fields. For the 1945-46 crop over 90 per cent of the 
plants were from plant beds grown in isolated areas. It was thought that if 
healthy plants were used in the fall transplanting, the amount of mosaic in 
the seed fields would be materially reduced. Although it was surmised that 
aphid activity in the fall after transi)lanting would result in some infection, 
it was expected tliat the ultimatl extent of infection would not be great. 
This hope was based on the failure to find turnip fuvlds severely affected with 
mosaic. Turnij), which is very susceptible to mosaic, is sown iu late fall after 
aphid activity is greatly reducc^d and thereby evidently escapes sin ere infet;- 
tions. This paper reports the effect of isolation of plant beds iu reducing 
the amount of mosaic* in cabbage seed fields. 

METHODS 

About 6 to 8 weeks after transplanting, a systematic disease survey was 
made of the cabbage acreage in both 1944 and 1945. At least 70 per cent of 
tlie acreage planted from eacli r>lant bed was included in the survey. In 
1944 a total of 85 fields, comprising 957 acres, was checked. This represented 
almost 80 per cent of the entire planting in the Skagit area. In 1945 only 
63 fields and 601 acres were surv(\ved. This was api)roximately 72 pei- ccjit 
of the entire acreage. The number of virus-infected plants was counted in 
three saini)le rows (one on encdi side and om* in the middle of the field) of 
200 plants eacli for eaxdi field visited. If a field was plant(*d with ])lants from 
difi'ereiit sources, 600 plants fi*om each source were checked and the idtimate 
percentage iul'ection of tlie field diMtumiiiuMl liy averaging tlu* values, weight¬ 
ing them according to the ju*o|)ortion of the field jilanted from each source. 

In order to determine the extent of infection after the fall survey, the 
acreage of 1944-45 crop was again surveyed in the late spring of 1945 when 
plants were in early bloom, using the method described. This survey in¬ 
cluded 55 fields and 720 a(*res. Another limited survey was made one month 
prior to harvest in whitvli a few selexTed fields were checked. This last survey 
was to determine the extent of severity of infections occurring in late spring. 

RESULTS 

^ The Crop.- -During the fall survey very great diffi^rimces existed 

between plants from isolated plant beds and those from local, nonisolated 
plant beds. Plajits from the isolated areas established tliemselves more 
quickly and were more vigorous when tliey entered the winter. Much of this 
dijfference in growth and vigor is attributed to the stunting of local-grown 
plants by the mosaic disease and to the relative freedom from this disease of 
plants from isolated areas. 
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Isolation of pJtmt beds greatly reduced the amount of mosaic in trans¬ 
planted fields in the fall (Table 1). Over 53 per cent of the plants from 


'i’ABLE I .—Effect of plant bed Eolation on the amount of mosaic in cabbage seed 
fields, 



Per¬ 

centage 

of 

plants 

in¬ 

fected 


Percentage of fields with: 


Source of pljiuts and 
season of survey 

No 

infec¬ 

tion 

Over 

15 per 
cent in¬ 
fection 

Over 

40 ijer 
cent in¬ 
fection 

Over 
GO per 
cent in¬ 
fection 

Fitilds planted from isolated beds: 

Fall, 1944 . 

Fields jdauted from isolated beds: 
SpriaK, lad-l . 

0.8 

42.0 

0.0 

0.0 

0.0 

3.0 

2.9 

2.9 

0.0 

0.0 

Fields planted from local beds:» 

Fall, 1944 . 

Fields planted from local bedsib 
Spring, 1945 . 

53.0 

0.0 

100.0 

69.4 

30.6 

55.1 

0.0 

100.0 

84.2 

42.2 


a Tncliidt^s 2 larger plant beds and several smaller ones. All were grown within 1 mile 
of a diseased seed field. 

Ineludes only the 2 large plant h(‘ds referred to in footnote a. 

]o(‘al plant beds had mosaic symptoms and no field in Avhicli tliey were used 
was free of infection. Only 0.8 per cent of the plants from isolated plant 
beds had mosaic s\'mj)toms, and 42 ])er cent of the fields had no infection 
at all. These results are in spite of the fact tliat aphids occurred in plant 
beds in sufficient amoiuit to cause wides|)rea(l infection had they migrated 
from virus-infected plants. Table 2 shows the average percentage infection 

TA BLE 2 .—lu lation of plant bed isolation, to amount of mofiaio in cabbage seed 
fields, 1944—Jo 


Plant bod 


Degroe of isolation from 
diseased seed fields 


Average percentage of 
infected plants in trans¬ 
planted fields 


A 

Excellent 

0.23 

B 

Excellent 

0.27 

0 

Excellent 

0.49 

D 

Excellent 

1.00 

E 

J*oor 

46.90 

F 

Very poor 

72.60 


of the acreage j>lanted from individual plant beds. Beds A, B, C, and D 
were in well-isolated areas, the closest (C) being 7 miles from the nearest 
seed field, with dense woods separating them. The other 3 were 20 miles or 
more from seed fields. Bed E was in the seed-producing area but was about 
200 rods from the nearest seed field. Bed F was also within the seed-pro¬ 
ducing area and was only 20 rods from diseased seed fields. It is believed 
that infection found in fields using plants from isolated areas was initiated 
for the most part after transplanting, since many fields from each of the 
beds had no infection. These data show that isolation of plant beds was 
sufficient to provide healthy plants at transplanting time. 
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Since aphids were found in many of the transplanted fields it was neces¬ 
sary to check the acreaj’e ajiain in late spring? in order to determine the extent 
of infection after the fall survey. This survey was made in early May when 
plants were in early bloom. Since aphid infestations in this area are very 
light in early spring and do not reach severe proportions until late May or 
June, it was believed that such a survey would reveal the approximate extent 
of losses this disease would effect in seed yields. The incubation period of 
the viruses in seed plants is 30 days or more and infections initiated as late 
as June would not effect serious losses. 

This late spring survey (Table 1) revealed that the ac'reage ])lanted from 
isolated plant beds was still m^rf-kedly free of mosaic when compared with 
that from local plant beds, the average infections being 3.0 and 55.1 per cent, 
respectively. There was an increase in the amount of mosaic of both acre¬ 
ages of slightly over 2 per cent. Tlie liigliest infection in any field from 
isolated plant beds was 20 per cent. Without exception, the fields showing 
the highest increase were those of late-maturing varieties wliich were trans¬ 
planted earliest in the fall and thus exposed longer to vindiferous apliids. 
The increase in the varieties transplanted later in the fall was mneh less. 
There was also an appar(mt relation between the percentage increase of 
mosaic and the amount of ai)hids present in the fields in the fall. 

Some fields provided excellent tests of whether the beneficial effects of 
plant bed isolation would be lost by a])hid activity after transplanting. A 
few fields were set with plants from local plant beds except for 12 to .15 rows 
in the center of the field which were set. with plants fi^om the same seed 
source but grown in isolated areas. These i)lants were all of the same age 
and were transplanted (at midseason) and grown under identical conditions. 
In the fall, 70 per cent <‘f tlie local-grown plants were infected with mosaic, 
while less than 1 per cent of the jilants from isolated plant beds were dis¬ 
eased. At the time of the spring survey the plants from isolated plant beds 
had only 4 per cent and 1 per (*ent mosaic in 2 such fields and were markedly 
superior in growtii and vigor. The yield of seed harvested from the plants 
from the isolated plant bed in one of the fields was 220 i)er cent that liar- 
vested from a comparable sample from plants grown locally. 

The average yield of seed in 194Ir-45 on 582 acres grown from plants 
from isolated plant beds was 628 pounds per acre. In the same season the 
average yield from 485 acres grown from plants from local jilant beds was 
359 pounds per acre. This constitutes a difference in average yields of 269 
pounds per acre. 

The 1915-46 drop .—All of the plants for the 1945-46 (Top were grown 
in well-isolated areas except for 6 small iilant beds wliich provided plants 
for 100 acres. Four of these small beds were fairly well isolated while 2 
were close to heavily infeded fields. When this crop was surveyed in Oc¬ 
tober, 1945, cabbage mosaic had been reduced to an almost insignificant 
status. The average percentage infection of the entire acreage was 2.4 per 
cent, and for the acreage planted from the local plant beds it was 10.1 per 
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cent. Not a single field planted from the isolated plant beds had as much as 
10 per cent diseased plants; 36 per cent of the fields were free of infection 
and the average infection in this acreage was 0.9 per cent. Results obtained 
the previous season indicated that the percentage of infection would remain 
low until harvest, at least late enough in the second season to avoid serious 
yield reductions. 

DISCUSSION AND SUMMARY 

The iiroduction of seed of biennial vegetable crops usually entails a sys¬ 
tem of culture that allows no crop-free period during which disease inoculum 
and insect pests can be destroyed or reduced. Under such conditions strict 
.sanitation is necessary if a build-up of virus inoculum is to be avoided. Low 
standards of sanitation under such a system of culture created a tremendous 
build-up of virus inoculum in the cabbage seed crofis of the Puget Sound 
area. Over 60 per (*ent of the jilants of the entire cabbage seed acreage for 
1943 and 1944 harvests Avere infected with cabbage mosaic. Severe reduc¬ 
tions in seed yields resulted. It is difficult to control the cabbage aphid in 
this area sufficiently to prevent Avidespread virus infection. Consequently, 
it Ava.S iKH'essary to avoid infection during the period Avhen viruliferous 
aphids Avere extremely migratory. Infection of cabbage seed plants Avas 
avoided by isolation of plant beds from diseased seed fields. 

In seed fields of the 1944-45 crop planted from isolated plant beds, the 
amount of mosaic 7 to 8 months after transplanting aa’Rs only 5 per cent of 
that found in the crop, as a whole, groAvn in the same area during the 2 pre¬ 
ceding years. This reduction is similar in degree Avhen comparison is made 
Avith the 1945-46 fields [planted from plant beds groAvn proximal to diseased 
seed fields. In the 1945-46 crop OA^er 90 p(‘r cent of the plants Avere groAAri 
in Avell-isolated areas and the average infection of the entire acreage 8 weeks 
after transplanting Avas only 2.4 per cent. Thus, by plant bed isolation, 
(‘abbage mosaic has lieen reduced to a relatively insignificant status. It is 
thought that this reduction can be maintained by reasonable care and caution 
in locating plant beds. Wild cruciferous and non-cruciferous hosts do not 
a|)pefir, as a general rule, to be responsible for more than scattered infections 
in cabbage fields. 

The WAsniNaTON Agricultural Experiment Stations 

IN OOOI’EKATION WITH 

Division of Fruit and Vegetable Crops and Diseases, 

Bttreau of Plant Industry, Soils, and Agricultural 
Engineering, 

United States Department of Agriculture. 



YIELD KEDUCTIONS BY LOOSE SMUT OP WHEAT^ 

L E ROY E. C 0 M P 'r 0 N AND E A L P 11 M. C A L D W E h L 
(Accepted for publication Scptcinber 18, 3946) 

The persistence of high levels of infection with loose siinit, Ustilago iritici 
(Pers.) Rostr., in the soft r(*(I winter wheats of the middle western states 
during: the past decade has fre<iuently raised the question of the relation of 
the degree of iidection to yield losses. This paper rejiorts the results of a 
study of this (luestion during and 1942. A study of the effects of loose 
smut on yield of barley has been published b}" Semeniuk and Ross (2) and 
the effects of simulated loose smut losses in wheat by Brown (1). 

METHODS AND MATERIALS 

Tw'O liighly susceptible varieties, Purdue No. 1 and Wabash, were studied 
in 1941 and 1942. Tw'o lots of seed of each variety from lightly and severely 
infected fields were obtained from the 1940 crop on the Purdue Soils and 
Crops farm at Lafayette, Indiana, for use in the 1941 study. The lieavily 
infected seed of Purdue No. 1, studied in 1942. was obtained from a stw'erely 
infected commm-cial field at Thorntown, Indiana, and the two lots of Wabash 
seed and the lightly infected Purdue No. 1 from the Purdue Soils and Cro])s 
farm. There was no evidence in the experimental jdots of any significant 
amount of seeddi’an.smitt(‘d disease other than loose smut. 

In the 1941 studies, all seed was sown at tin* rate of 6 i)ecks pc‘r ai-re. In 
1942, all Wabash seed and the lightly infected Purdue No. 1 was sown at 
the 6-p(Mik rate. However, because of low’ perc'cntagi* germination, the 
heavily infected Purdue No. 1 was sown at 9 pecks per aer(‘. All seed was 
treated with one-half oniu'e |)er buslieJ of New Improved (hvresan (ethyl mer¬ 
cury phosphate). The niimlnn* of heads of each variety (Table I) in the 
severely smut-infected plots nearly equalled or exc(‘eded those in the lightly 
Infected plots. 

The tests in both 1941 and 1942 were sown in randomized blocks with 10 
replications. Each jilot consisted of three 18-foot row’s from which IG f(Hd 
of the center row^ was harvestcni for yield d(‘terminations. CJoinits of the 
numbers of heads produccui and numbers of heads smutted Avere made on 3 
feet of one end of a single row of each variety in each rei)lieation, after the 
row ends had been trimmed. The significance of differenees Avas determined 
by the analysis of variance. 

The theoretical yield of each variety on a smut-free basis w^as derived 
from the yield of the lightly infected entry corrected for an assumed yield 
reduction equal to the small percentage of loose smut infection. The yield 
reduction in a given variety attributable to the severe loose smut infeetion 
Avas calculated as the difference betAveen the yield of these entries and the 

1 Cooperative invcBtigatioiia by the United States Department of Agriculture and the 
Purdue University Agricultural Experiment Station. (Journal Paper No. 244 of the 
Purdue University Agricultural Exi)eriment Station.) 
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TABLE 1 .—Yields of 2 varieties of ivhcat, lightly or severely infected with loose 
smut, in 1941 and 1942 


Wlicat variety and data 
olitaiiied 


Purdue No. 1 

SGodin^j rate per acrei (pecks) 
Head counts 

Numberi^. 

Percentage smutted . 

Actual acre yields (bu.) . 

Yield reductionf^ (per cent) . 

Wabash 

Seeding rate per acre (pecks) 
Head counts 

N umber» . 

Percentage smutted . 

Actual acre yield*^ (hu.) . 

Yield reduction*^ (per cent) . 


1941 


1942fi 


Seed Seed Seed Seed 

lightly severely lightly severely 

infected infected infected infected 


6 

6 

G 

9 

119.8 

120.0 

75.2 

89.5 

1.3 

7.3 

4.5 

35.9 

41.8 

39.2 

15.G 

10.1 


7.4 


38.2 

6 

G 

6 

6 

115.7 

107.4 

78.7 

88.1 

1.6 

13.2 

1.9 

8.4 

38.3 

33.7 

17.8 

16.7 


13.4 


7.9 


« Means of ,10 replications, each taken for 3 feet of drill row. Significant differences 
at the 5 pm* c(‘nt level lietween total numbers for different treatments r: 10.7 heads in 
1941 and 10.5 heads in 1942. 

Means of 10 replications. Significant yield differences between treatments at the 
0 per cent level = 2,() bushels in 1941 and 2.8 bushels in 1942. 
f’Percentage? of the theoretical yield on a smut-free basis. 

Stnere infestation with Hessian fly accounts for low yields. 


tliforetical yield on the smiit-free basis of the variety concerned. These 
differences (Yield reduetions in table 1) were expressed as the percentages 
of the theoi'ctical yields. 


PKESENTATION OF DATA 

Ill the 1941 tests, tlie numbers of heads per unit area of plot of the lightly 
and severely ini'eeted (‘utries of each variety were closely comparable, the 
difference being eoiisiderabl.v less than that required for significance. The 
percentage yield reduetions attributable to the severe loose smut infeetion 
in both Purdue No. 1 and Wabash closely approximated the percentage of 
heads destroyed by loose smut. These comparisons involved a 7.4 per cent 
yield reduction in I’urdue No, 1 associated with 7.3 per cent loose smut, 
and a 13.4 per cent yield reduction in Wabash associated with 13.2 p(*r cent 
loose smut. The data are presented in table 1. The yield losses were sig¬ 
nificant at the 5 per cent level. 

The results of the 1942 tests corresponded rather closely with those of 
the preceding year for the variety Wabash (Table 1). A much more 
severely infected seed lot of Purdue No. 1 was used in 1942. The smut 
infection in plots from this seed averaged 35.9 per cent and was attended 
by a yield reduction of 38.2 per cent. This seed, sown at a 9-peck rate, 
gave numbers of heads per unit area significantly greater than those from 
the lightly infected seed sown at the 6-peck rate. 
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DISCUSSION AND CONCLUSIONS 

The yield losses of grain, attributable to loose smut in the two wheat 
varieties studied, closely approximated the percentage of heads infected with 
loose smut in both 1941 and 1942. 

The possibility of confusion in the interpretation of these results because 
of the possible occurrence of other tseed-borne diseases in certain seed lots 
is not believed to be a significant consideration in this study. In the 1941 
study all lots of seeds used were produced on the same farm. No significant 
infection with any seed-borne disease other than loose smut was to be ob¬ 
served in the plots in either year. Low germination in one seed lot, com¬ 
pensated for by increased seeding rate, was associated with a high y)roportion 
of thresher-injured and syilit kernels. 

These results are in agreement with the conclusion of Brown (1) wlio 
deduced from experiments on liead removal that reductions in grain yicM of 
wheat, resulting from loose smut, would approximate the percentage of loose 
smut infection. The results are also similar to those of Semeniuk and Ross 
(2) who, working in Canada and Minnesota, found the percentage yield 
losses in spring barley to be ap})roximately as great as the percentage of loose 
smut infection. 

IT. S. Department of i^0RICULTURE, 
and 

Purdue University Agricultural Experiment Station, 

Lafayette, Indiana. 
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GLOEOSPOKIUM VENETUM AND G. NEGATOR: TWO DISTINCT 

SPECIES ON RUBUS^ 

Anna E . Jenkins and C . L. Shear 
(Accepted for publication September 20, 1946) 

An unfortunate assumption that Gloeosporium necaior Ell. & Ev. was 
merely another name for O. ve^ictum Speji'. has revsulted in a long-standing^ 
confusion in pathological literature relative to anthracnose of brambles 
(Rubus), The present discussion attempts to elucidate the several identi¬ 
ties of the two species concerned in the light of the original applications of 
these names and of subsequent usage. 

oloeosporii:m venetum speg. 

The original diagnosis of Glocospornim venetum Speg., published in 1879 
(19, p. 477) is as follows: 

^UJIoeosporium (Kugloeosj).) 1 \n(tuni Speg. Maculae margi- 
iiales, amorphae, maximae, vel centrales rotiindae parviilae, mellae 
vel ochraceae linea fuseo-purpurascente cinctae. Acervuli miniiti, 
prominuli, gregarii vel solitarii. atri. Conidia ellipto-cyliudracea, 

7“-8 ■- 2-2|, granulosa et guttalata, hyalina. 

'41ab. Ad folia viva vel languida, Rubi Chamaemori a Belluno 
& a Conegliano, Aut. 1877-78.’^ 

Tlie material of this fungus available to us consists of a fragment ob¬ 
tained by Shear- from the specimen collected by Professor KSpegazzini at 
Belluno, Italy, in ()(‘tober, 1878, and designated as Xo. 13 of his Supple- 
menio ml Decades Mijcologkae italieae jireserved in tlie DeNotaris Her¬ 
barium at Rome.'^ We may consider the fragment as part of the type; it is 
but a single leaflet (Fig. 1, A and B) bearing fructifications and having the 
purple-bordered discoloration mentioned in the description. 

On the basis of the leaflet at hand we have ascertained that the host of 
Gloeosporium venetum is definitely not Rubus clunnaemorus L., cloudberry. 
Instead, it ])robably is one of the forms of R, fruticosus L., the common 
Euroj)ean species of blaekberiy.** It seems plausible to assume that Spegaz- 

1 An al>straet of this paper for presentation has been published (.13). 
a In 1912 Dr. Shear, ns pathologist in eharge of diseases of small fruits in the Bureau 
of Pl.aut Industry, IT. 8. Departuuujt of Agrieulture, visited European mycological her¬ 
baria and was given fragments of typical material of fungi on these hosts, including that 
of Gloeosporiiiin rctirtum. 

Lindau and 8ydow (14, p. ooT-Soa) and Trotter (21, p. 249-257") list Decades 
Mycologicae italieae, issued in 1879, among the publications of Bpegazzini; however, we 
have foiiiid no referenee to the supplement, nor do we know’ w'hether it was distributed 
to all the original 8u1)scribers. It is not with the set in the Division of Mycology and 
Disease Survey, which is a comparatively recent acquisition. The supplement is also 
absent from Spegazzini’s own set of his Decades Mycolofficae ifalicac in the Spegazzini 
Herbarium in the liistituto Botanica “Spegazzini,'” Museo, Thiiversidad Nacional de I^a 
Plata, La Plata, Buenos Aires, Argentina. We are indebted to Drs. L. K. Parodi and 
J. C. Linquist for this information supplied in 1943, together with the fact that there is 
entirely lacking in Spegazzini’s herbarium any reference to tlie supplement, any speci¬ 
mens from it, or any authentic material of his (rlofosporivm vrnetum. 

4 Eor this identifieation w’e are indebted to Dr. S. F. Blake, P, S. Dept, of Agri¬ 
culture. 
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iV tV'i Speg. on leaflet of Ruhug, preaunial.ly 7f. fruti- 

Tt^Vn‘’l!it°’ Jl. Spogazzini (Spegazziiii, V. Siipp. ad iVce. Mycol. 

Ital. No. Id). A. Tapper surface of leaflet showing purple-bordered brown imrtriieil dis¬ 
coloration on which the fungus is fruiting, x 1. fi.\Jwer su^:™ of s'nne leafir X 1. 
0 and 1). J)iseoloi(ul apjcal region of the leaflet, showing nuinerons pycnidia. X 12. E. 
Gloeosponum necator Ml. and Ev. on JCubux ncciilmtalis, Anna, 111. '.Tune. 1884 i’. S. 
Earle. Fragment of specimen in Ellis Collection New York llota’nical Garden x it 
^nv^;-''®Taco’ r\.' t!; «. pyenidial wall; h, conidia in pycnidial 

landHl^omounds, D^m!'CorWis.;' 

wtoTfi:? «’> LHi-* 
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ziiii’s collection of G. venetiini at Conegliano was also on R. frtiticosus. At 
that place, where the youthful mycologist was living at the time (cf. 21), he 
collected three other fungi on that particular host. These were reported 
ui)on by his friend and teacher Prof. P. A. Saccardo (cf. 15, p. 386, p. 420. 
and p. 423). 

Spegazzini's preparations of his Gloeasporium venetum evidently did not 
reveal to him that the more or less flattened, dark fructification visible on the 
upper leaf surface is actually a thin-walled pycnidium. This dark body is 
astomous, more or less flattened, reaching 140-185 x 48-112 p in dimensions 
(Fig. 1, C, D, and F)." Slender unbranched hyaline sporophores, reaching 
12 p in length, are produced from {)ractieally the entire inner surfac'c of 
the relatively thin pycnidial w'all. Conidia in the preparations measure 
4.8-5.8 X 1.6-2 p. These somewhat smaller dimensions than in the original 
description could be accounted for by the shrinkage of the material in fixing. 

Clearly, to avoid any further confusion, Spegazzini’s pycnidial fungus 
on what is presumably R. frutUujsus from the Italian Adriatic region should 
no iongcvr be referred to GlcHosporium. Insofar as we know' this is the only 
coi’rect record of G, ih net urn on Ruhiisf' moreover, w’e have found no de¬ 
scribed sphatu’opsidaceous fungus that seems definitely to apply to it. 
Phifllosiieta fHucuionata Thuem, (2, p. 14) on leaves of European red rasp¬ 
berry {Riihus idaeus L. ), also from the Adriatic region, has certain features 
in common with Spegazzini’s G. venetum, such as epiphyllous, lenticular 
j)y(oiidia and hyaline spores of nearly the same size. On the other hand, 
marginal discolorations are n(>t described for the IViyllosticta leaf si)ot, iior 
is the multizonate (‘luiraeteristic of this leaf spot mentioned for that of the 
Gloconporium. rnfortunately, we liave no authentic material of P. fusco- 
zonata for comparison witli G. r( uefutn. The original description of Phyt- 
losticta fuscozonata is: 

PhyUosficia f uscozinmia Tluim. nov. .spec. 

P|hyllosticta|. peritheciis epiphyllis, sparsis, mediis, fuscis, lenti- 
cularibus in macula magna, irregularis vel subsinuosa, sordide fusca. 
gris(*o-fusc() multizonata, ferrugineo indistincte cincta; sporis eylin- 
drico-oblongis, utriiupie rotundatis, rectis, plerumque biguttulatis, 
hyalinis, 7-9 mm. long., 3.5-4 mm. crass. 

Ad Rubildavi Liu. folia viva. Aest.—Plezzo (n. 778).’’ 

Under these (drciimstances, Ave are suggesting that Gloeosporium vetu ium 
Speg. hiay be regarded tentatively as a synonym of Phyllosiicia fuscozonata 
Thuem.' 

•'i Acknowledgment is here made to Miss Marguerite Wilcox, of the Division of Fruit 
and Vegetabl<’ Crop.s and l^iseases, V. S. Department of Agriculture, for preparing the 
rni<*roseopic mounts employed in this study. These were embedded in ]>arafliii and stained 
with triple stain. 

« Briosi (8, p. 278) re})orted (ilornsporiHm vnietuni on wild rose (JRosa) growing :it 
Fiiipiano, Bergamo, Italy. It would not be expected that the fungus in cjuestion on ros(‘ 
was not pycnidial. If the speeimen is still in existence it could he examined to determine 
whether it is not Sphacdoma rosarum (Pass.) Jenkins (9, p. 380). 

7 W^e should he glad to hear from any one who has an authentic speeimen of this fun¬ 
gus. W^e have ascertained that there is none in the Mycological C(dUH*tioiis of the Bureau 
of Plant Industry, the Farlow Herhariuin, Harvard University, or the New York Botanical 
(larden. 
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GLOEOSPOIIIITM NEGATOR ELLIS & EV. 

In 1888, I’rof. F. L. Scribner (16) reported on Aiithracnose of the 
raspberry and bJackberry’’ then ‘'wide-spread and destructive’’ in the 
United States. He noted that Prof. T. J. Burrill (5) of Illinois, liad ])revi- 
oiisly published an account of the disease. Scribner continued : “Professor 
Burrill did not name the fungus, but merely referred to it as the ' Raspberry 
(lane Rust,' the popular name by Avhich it is known, stating, however, that 
tlie parasite pi-obably belonged to the same group as the fungus that caused 
tiie disease of grapes known as Anthracnose. . . . In November ,1887, Messrs. 
Ellis and Everhart described the fujigus under consideration and, believing 
it to be a new sy)e(*.ies, named it Glofosp<yrnim necatfjr.'* 

Ellis and Everhart’s (6, p. 129) description is as follows: 

^'Gloeosporiftm nrcafor E. and E.—On living (*anes of black and 
red raspberry. 8ent from Evanston, Ill., by Uhas. Wheeler, Angnst. 
1881, and from Cobden, Ill., by P. kS. Earle, June, 1884; also r(‘('eiv(‘d 
from Columbus, Mo., dune 1887, from B. T. (lailoway. Spots cauli- 
eolous, pale, witli a slightly raised dark boi-der, 2-3 niillim. in diam¬ 
eter, orbicular or elliptical; spores oblong-elliptical, 5-7 > 3. oozing 
out in an amber-colored mass through a single opening in the (M‘nt(*r 
oT each spot. Repoi’ted as being very injurious. G. v( fu luni Sacc. 
(sic) [8peg.| has spores of about the .same size but is a foliicolous 
species. The Illinois specn’imms were re[)orl(‘d as P/njllostfCta nrvaifn’, 
but the fungus is evidently a Glo(‘(n^poriumV 

Unfortunately Scribner (16) in a laudable attempt to avoid dupli(*ation 
of names acce[)ted Spegazzini’s <‘arJi(‘r name j-atlier tlian that of Ellis and 
Everhart. He explained ^^lat he had “n(» sj)ecimens for (‘ompai'ison, Init 
the description given by Sjiegazzini of (tl<K os/ioriuhi nm tun} {rubiislied in 
1877 (sic), applies j)crlV‘ctly to the American fungus d(‘serib(‘(] l,)y Mllis ami 
Everhart in everything (xcept that it is .said to occur on leav(\s.“ He (‘oie 
tiniKHl: 


“In the description of G. u(cuior reference is only irnnh’ to its oc(*un*t‘nc(* 
on the canc.s; the tact of its being very common ofi the leav<‘s was a])parentl\' 
unknown to the authors of' tlie species. lhv(‘nt ob.MU-vations ha\'e l(‘d to the 
dis(*overy that no part of the j)lant above grinjud is free i'rom the attacks 
of the parasite. It is occasionally seen attacking the fruit, and the petioles 
and veins of the leaves arc often gi'catly disfigured by it.“ 

Scribner’s ado|>tion of Gtovosporium veudum instc^ad of G\ nevuiity re¬ 


sulted in the almost comj)lete disi)lacenient of’ G. nevator, designating a 
destnietive pathogen on nulyua from America, by an unknown Italian 


lungus also on Rnhus, viz. G. nneium Speg. An exception a|)|)t\ars in 
Thaxter’s (20) report of “Anthracnose of the raspberry” in (kmnecticut, 
in 1889. in vhich he cited the ])athogen as GJocffsporl k m mecaior Ell. & Ev. 
“Numerous round or elongate white patches” are i)rodu(*ed “on the 
'canes,' '' he stated, “and small yellowish spots on the leaves ” Th(‘se same 
symptoms are illustrated in figure 1, G. The small leaf spot is, of course, 
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entirely distinct from the eontinnoiis inarjrinal discoloration produced by 
the true G. venettim. 

Ellis evidently made no ehanf?e in his description when he found that 
the funf2:us was “a Gloeospormm.*^ In the “Ellis (Jollectionin the New 
York Botanical Garden the sp(*cimens, except for the Missoui’i material 
which is lackinji’, still ai^pear under the unpublished name Phyllosticta 
need tor. A frajrment of the specimen “on livin^^ black raspberry canes’’ 
collected at Anna (near (k)bden). 111., in June, 1884, by Earle has been 
made available to us fur examination throu^ih the courtesy of Dr. P. J. 
Beaver. The numerous small (*ankers pr(\sent on the specimen are in keep¬ 
ing' with th(‘ technical description of them (Fi^^ 1, E). On their surfaces 
is tlie thick exposed stroma on which tin* “oblonj^-c^iijjtical conidia” are 
borne as illustrated by Burkholder (4, 16) for tlie conidial sta»ie of 

h'hinoi v( u< ia. This conidial stajic is typical of the form ^eniis SpJuicrloma 
de Bary (1, also cf. 12) where Burrill indicat(‘d it should be j)la(‘ed. His 
difficulty was that lie found th(‘ conidial sta.ue from bramble so similar to 
N. amj)( linum dc Bary (1), tyf)e of the juienus SphaceloHUi and pathogen of 
^irape antliracnose. that he could not satisfactorily distinguish the two. 
S(‘ribner (17, )). 132) later ivferred to the “strikin'^" similarity” of these 
two fun«.i‘i and ])ublished (*omt)arabl(* di’awin^is of acervuli (17, tiiL^’s. lull 
and 1578, reprodmuMl in 10, fijis. 1, A and B). Our cultural comparison 
ol’ tlmse funei made independently revealed their “very (dose resemblaiK-e 
in pure eultures” (Shear, 18) and tlie fact tliat they were separalde when 
^rowM under paralhd conditions (Jenkins, 7. 11). In cross inoculation ex- 
j)eriments neither spe(d('s affect(*d tlie host of the other (11). 

\Vi‘ are hei’e transfei‘rin<^*’ Glotosporium tifcaior to tlie ^’enus Sphticclonnr 
as N. otvafitr (Ell. (Ji: Ev.) n. comb. The iunue H. wmium as used by Auut- 
ican aulho]‘s. of course, refers to (r, tunrium Spey.; the true (r. vcnditni 
Sj)e^’. on l\uJ>us fi*om Italy is «‘idirely ina]>j)licabh‘. The new e(»mbination 
naturally has no (dfec't (Oi th(‘ name ordinarily a])pli(*d to this or^’anism, /.c., 
its fjcrfect staue name /:V.vv//or r( tn hi (Burkh.) Jenkijis-~Syn. Fh ciodisa Jla 
i'( }n ta Burkh. (8, |). 696). 

In th(’ al)sence of a sptvihed type specimen of this fun.u‘iis we su^yiest 
that Earle's sp('cimen on bla(d< raspberry [Rubus occuh ufalis L. ) be so 
desi;_rnat(*d. We have d<‘j)osited the fra^nnent received from Dr. Seaver in 
the Mycolo.iii(*al Gollections of the Bureau of Plant Industry and have indi¬ 
cated tliat it is “part of the type.” The packet eontainiiuj the specimen 
in the Ellis Gollection is actually made of Professor Earle’s letter trans¬ 
mitting' the sj)ecinien to Ellis. The text of the letter written from Cobden, 
HI., on June 17, 1917, reads: 

“T enclos(» you a fcAv youn*? stems of blaidv ca]> raspbendes showinjr as I 
think the first stages of the so-calh'd “cane r\ist.” On a very liasty exami¬ 
nation T find jrrt'at numbei’s of minute simple spores. What is it? I have 
not been able to find any distinctive fungus in connection with these spots 
before.” 
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Two days later Earle wrote Ellis again transmitting a specimen of the 
fungus on ‘'Reliance” i*ed raspberry {Buhus idacus). The Wheeler speci¬ 
men in the Ellis Collection bears the following label: ^'PhyUosthta necator, 
Evanston, IIU, leg. Charles Wheeler, Aug. 1881. Com. E. Williams, Mont¬ 
clair, N. J.” These two specimens could be designated as paratype. We 
have no knowledge of what became of the cited specimen obtained by (iallo- 
way in Missouri. It is not available either in our Mycological Collections 
or in the Farlow Herbarium and as stated above has not been found in thv‘ 
New York Botanical Carden. 

Bureau of Plant Industry, Soils and 

Agricultural Engineering, Beltsville, Md. 
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THE EFFECT OF LIGHT AND TEMPERATURE ON CONIDIUM 
PRODUCTION BY HELMINTHOSPORIUM GRAMINEUM 
IN CULTURE 


Byron R. H o it s t o n i an d .J o ii n W. O k w a l d t 
(Accepted for publication Bcptember 23, 194t)) 

INTRODUCTION 

This paper [ireseiits the results of a series of trials testing: the effect of 
lig:ht aiid temperature upon eonidiophore and eonidium production on ag:ar 
media by the fungus Hdmiiithosporium graminenni Rab. the causal agent 
of the barley stripe disease. As far as the writers are aware the only report 
of eonidium production on agar media was that of l^axton (8) who reported 
eonidium production on (-oru-meal agar from siugle-ascospore cultures of 
what tu^ considered to be the aseigerous stage on barley straw. Negative 
reports on attempts to induct^ sporulation by this fungus in culture have 
been given by Dickson (3), Isenbeck (6), Ravn (9), Vogt (11) and others. 
Jolinsmi (7) reported on the effects of temperature, light, moisture, aera- 
lion, hydrogen-ion concentration, various types of media, |)lant tissue ex¬ 
tracts, yeast e.\tracts, variations in nutrients, and a number of other factors 
upon s|)orulation, all his numerous trials giving negative results. 

SPOKI^LATION ON ARTIFICIAL MKDIA 

Many investigators have rejxirted that this fungus failed to sporulate on 
artificial media under a variety of environmental and nutritional conditions. 
The suc(-ess (obtained by Snyder and Hansen (10) in indmnng sporulation in 
Fusarium species by exposing cultures to diurnal variation in light sug¬ 
gested the use of such a method with the fungus undei* consideration. The 
influence of light uj)on growth and sporulation of certain fungi has been 
reported by (k)ons (2) and Harter (5) who reviewed the early literature on 
the subject. 

In Ajiril, 1940, twenty single-spore isolations were made on potato-dex- 
tros(‘ agar fi*om dis(‘ased leaves from each of six lots of barley plants, each 
lot having been ino(*ulated‘ during blossom in 1945 by spores from a dif¬ 
ferent source of Hf hninthospariuw (jratniheutii. Teii of each of the six lots 
of 20 isolates growing in test tube slant cultures on potato-dextrose agar were 
placed in laboratory light and temi)erature and the other 10 of each lot were 
placed outdoors exposed to diurnal changes in environment with the maxi¬ 
mum possible light without being in direct sunlight. Growth was obtained 
from 57 of the 60 tubes held indoors and 55 of those held outdoors. After 
approximately one month all tubes were examined microscopically. No 

1 Assi-stant Professor of Plant Pathology and Assistant Plant Pathologist in the Ex¬ 
periment Station, TTniversitv of (’alifornia, Davis. 

2 These inoculations were made by Mr. C. A. Simeson, Agronomist. Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. S. Department of Agriculture, Davis, 
California. 
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J eonidia or eonidiopliores were found in any of the 57 cultures held in tlie 
laboratory, wliile 47 out of 55 of those held outdoors had normal conidia and 
conidiophores. Tlierc* was, however, (‘onsiderable variation between isolates 
with regard to the number of spores produced. Many of the conidia had 
{terminated to produce secondary conidia and my ('el i urn, which in(li(»ated 
that the primary spores had been produ(*ed early in tlie experiment. Ten 


1 



Iio. J. Conidium ])ro(lmiti(m by Jhlmhiihoiiporium ffumincuni Kiib. in outdoor on- 

l-r/ir.i rf agar roDtaiiiing sterile fliseaaed leaf vieres (xRO)/ (B) 

e(<tion ot agaj block showing l•ollldlllm jirodiictioti (yJO). (C) Coniilia pnHliicetl on 
potato ,leyrose agar (xlIRo). (D) Coni.liophores j.nl.Iuc.d on' pcitato-dl.xtrose a^;,; x 

itATol dif r"'*’' y xccoiHlary .-onulia on potato .I,.xtroso agar 

(X- 00 ). (iv Conidia from iiatur-.lly iiifect(‘d bnrloy lt*a.vcs (> 205). 

snio’le-.spore iKoIations were iiiiKic from an iudividiial eolojiy of encli of the 
SIX lots of siiigle-spore eoloines, and conidia devclo])ed readily in all 60 of 
t}tes,i iiiider the outdoor environment within a week’s time 

When those grown indoors were six weeks ohl the hetivv aerial myeelial 
growth was scraped away from the surface of the agar enlture.s. A small 
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piece of the agar, 5 to 8 rnm. across, containing imbedded mycelium was then 
transferred from each single-spore culture to potato-dextrose agar in Petri 
dishes and these were placed in the outdoor environment. The dishes were 
sealed against dust with masking tape, a method of sealing used in all sub¬ 
sequent tests. After three days, examination showed that 48 of the 57 pieces 
of inoculum were i)roducing conidia. At the end of seven days all 57 trans¬ 
fers were producing abundant conidia and conidiophores of a type tyi)ical 
of this species (Fig. 1; B, C, D, B.). 

Three isolates originally obtained by single-spore isolation from stripe 
diseased barley in 1944, (‘arried by mass transfers during the two intervening 
\ ears, and known to be pathogenic when tested by the method described by 
Arny and Shands (1), were transferred and phased in the outdoor environ¬ 
ment. To test their relative value for conidium production, different media 
were used, namely, potato-dextros(» agar, (‘orn-meal agar, water agar, potato- 
dextrose agar and water agar to which were added several diseased leaf 
pie(*es f)rior to autoclaving, and potato-dextrose agar and water agar plus 
water extracts from diseased leaves. 

Tj*ansFers of each isolate were made to test-tube slants of these media 
and allowed to grow outdoors for approximately three weeks before they 
wei*e examiinMl for conidia. Conidioj)hores and conidia w’ere found to have 
develoi)ed in large numbers on those media with the highest nutritional 
value, namely, normal potat(edextrose agar and on this agar to which leaf 
])iec(*s or leaf extracts had been added. On the less nutritive media to which 
leaf pieces v’er(‘ added the colonies developed conidia only when they grew in 
contact with or near su(*li leaf pieces. ^The best sporulation was obtained on 
[>otato-dextrose agar to which was added the diseased-leaf pieces (Pig. 1. A). 
Fifty single-s|)ore isolations were made on potato-dextrose agar from one 
isolate and all appeared to be similar in growth type and pigmentation. 
8pornh»tion was ol)tained on all of these after 1 to 2 weeks outdoors. It was 
noted that occasional branched conidio})hores developed on the aerial my¬ 
celium of these (udtures. Since little advantage was obtained from using 
other media, ])otato-dextrt)se agar was used in all subsecjnent trials. 

THE INFLUENCE': OF LUUIT AND TE.MFKRATUKE UFON SPORULATION 

The effect of variations in light and teni|)erature on several isolates 
kjiown to sj)orulate well under outdoor environment was studied in May and 
June at Davis, California.-’ During this period the length of daylight was 
14 to 15 hours and the average maximum and miniinuin outdoor tempera¬ 
tures were 26.8'' and 8.2'" C., respectively. The average maximum and mini¬ 
mum indoor temperatures were 25.7'" and 18.O'" C., res})e(*tively. Duplicate 
mass ti‘ansft‘rs of several noiisporulaling cultures of these isolates were made 
to potato-dextrose agar in Petri dishes. A ])arallel series was carried out 
with pie(‘es of nonsterilized, dried, diseased leaves placed on potato-dextrose 

• Similar, indcpciulcntly conducted, iinpublislicd studios on other fungi have recently 
b(H*ii inude by H. N. Hansen uiid W. (\ Snyder, University of ('alifornia, Berkeley. 
California. 
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agar in Petri dishes. Conidiophore and eonidium production were re¬ 
corded separately, because under certain conditions conidiophores were pro- 
diuied but few conidia developed. The results of the trial with diseased 
leaves were recorded under two headings ac(*ording to whether sporulation 
occurred on the diseased leaf tissue or on the new mycelium which grew from 
the leaf pieces into the agar. These results are in table 1. 

TABIjI^ 1 .—Environmcnial factors governing sporiilalion of Helminthosporium 
gramineum 


pieces from diseased barley on 
Nonspornlatiiig cul- potato-dextrose agar 

lures transferred to 

jiotato dextrose agar Directly on disc^ased On new mycelium 
Environment leaves from leiives 


(^onidio- 
phore pro- 
ductioid* 


Conidi urn 
production** 


Conidio 
phore ])ro 
diiction 


Con id him 
production 


Conidio- 
jiliore jiro 
duct ion 


Conidi uni 
production 


Outdoors** . 


-H-! + 

-t-i-ri 

i 

-1-1 '14 


Outdoors, durkoiied . 

0 

0 

++++ 

-H-'f 

(1 

i ) 

Outdoors, davtime; 

Dark, 25" (k, night . 


1 

4 •M' f*' 

4 - 

• 144 - 4 - 

4 

Outdoors, davtime; 

Dark, 12" C., night ... 
Dark, 25" C., 12 hr.; 

-M-H- 

-H-H* 

-!4 f 4 - 

-H 44 - 


44*44- 

Dark, 12" C., 12 hr. 

0 

0 

j .v.i i 

-H-r-h 

0 

0 

Tiisidc light and 

temperature . 

0 

0 

4 -f H '- 

4. 

II 

0 

4.1. 

Artificial liglit, 13" C. ... 
Artificial light, 13" 0., 

•! fc 

H- 

n-4.-4-.(. 

-i; 444 - 

■t-f 4 

m hr.; Dark, 1,1° C., 

9 hr. 


-f 

-•t-f t 

4 .. 4-^4 



Dark, 8" C. 

0 

(.» 

4 f-fi- 


0 

(1 

Do, 13° C. 

0 

e 



0 

u 

r» 

Do, 18° C. . 

0 

0 

t-i- 4 -l- 

4 . 1 ..ff 

0 

0 

Do, 25" C. 

1) 

0 

-1 + t-i-*- 

-f 

0 

Do, 30° C. 

u 

0 


0 

0 

(1 

0 

Do, 35° 0. 

0 

0 

0 

() 

0 


Af. '’''''"8“ a'la temnwatmc iit Davis, Califarina, during 

May, 1940, but not in direct sunlight. ^ 

'-^imibpr of pluses indicates rel.itivu ainoimt of (■(.)ii(li())ilioif iiiid conidinm ijrodiietion. 
' I'.xtrumely long conidiophores, very foiv bearing conidiii. 


On the cultures held outdoors, sporulation was abundant within 48 hours 
on agar, w'ithin 24 liours on leaf pieces, and within 48 hours on tlie new in.y- 
eelium from the leaf pieces to witliin 5 or 6 mm, of tlic advancing margin. 
In the parallel series of <mltures placed ouhlooi's but darkened bv black 
paper wrapping, conidiophores and conidia were not prodneed on the agar 
transf ers nor on the mycelial growth from the leaves, but normal and abun¬ 
dant sporulation occurred direidly from the m.vcelium in the leaf pieces. 
All of the cultures including the leaf pieces jilaeed outdoors in dav tem- 
lieratures and light and transferred at night to a dark incubator at 25° C 
prodneea an abundance of conidiophores IJ to 2 times their normal length, 
but only .y to 10 per centliore conidia. ^However, a similar series placed 
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at night in a dark incubator at 12*^ C. produced normal and abundant 
conidiophores and conidia identical with those left outdoors at night. 

A series held in incubators in complete darkness at 25° C. for 12 hours 
and then changed to 12° C. for the remaining 12 hours each day failed to 
produce conidiophores and conidia on the agar transfers or on the mycelium 
growing from the leaf pieces; however, normal sporulation occurred directly 
on the leaves. These results were identical with those in the series held 
outdoors for 24 hours each day but continuously in the dark. In a series 
held under laboratory light and temperatures the only sporulation obtained 
was directly upon the leaf pieces. Here again, as with those placed outdoors 
during the day and at 25° C. at night, the conidiophores were excessively 
long and few bore conidia. These long conidio])hores with few conidia were 
probably the result of the higher night temperatures iji the laboratory. In 
continuous artificial light at a constant temperature of 13° C. a moderate 
number of (‘ouidiophores devcloju'd on the agar cultures and mycelium from 
tile leav(*s, but they wei-e slightly longer than normal and only 10 to 15 [ler 
cent of them bore conidia. Abundant sporulation occurred directly on the 
diseased leaf |)ieces. A similar result, but with conidiophores more nearly 
normal in length, was obtained with the series at 13° C. with 15 hours of 
artifhdal light and 9 hours of darkness each day. 

The ]*emainder of the data presented in table 1 comprises trials in com¬ 
plete darkiu'ss at six ('onstant tem])eratures ranging from 8° to 35° C. No 
conidiophores developed at any of the temperatures on the agar cultures or 
on the mycelial growth from the diseased leaf pieces. Abundant conidio- 
phore and conidium development occurred on tlie leaves at 8°, 13°, and 18° 
C. The (*oiiidio|)hoi*es wei*e very short at 8°, a|)pearing to be even shorter 
than tJie conidia. (’onidiophores became progressively longer and conidia 
progressively shorter as the temperature increased. Secondary conidia de- 
velo{)ed abundantly at 13° and 18° C. At 25° C. conidiophore production 
was as abiindant as that at the lower temi)eratui*es but the conidiopliores 
rang(*d up to om'C again as long as those produced at 18° C. and only 10 to 
15 ])er cent terminated in conidia. At 25° and 30° C. mycelial growth from 
the leaves was very j)rofuse. No conidia developed at 30° C.. but conidio¬ 
phores were al>undant and were 3 to 4 tiuu's the length of those produced at 
18° C. At 35° C. thei*e was no mycelial growth from the leaves. Abnormal, 
light-colored, narrow hyphae somewhat resembling conidiophores grew from 
tlie leaf but no (‘onidia were |)roduced. 

Measurements were made of 50 (*onidia prodiu^ed by a culture on agar 
medium and of conidia produced at 18° C. on diseased leaves. An attempt 
was made to measure only priniar>' conidia hy making the spore mounts at 
a time during conidium production when the primary conidia were mature 
and readily se])arated from the conidiophores and when only a few scattered 
secondary conidia had developed. Those from the culture had an average 
sef)ta number of 4.2 and average size of 70.1 by 16.4 p with a range in length 
from 48.6 to 97.6 [i. Conidia from the leaves averaged 4.4 septa and 79.3 



1054 


Phytopathology 


[VoL. 36 


by 14.9 [I with a raiij^e in leiig:th from 62.4 to 96.8 p (Fij^. 1, F). Thus, the 
two lots were very similar and compared favorably with measurements given 
by Dreehsler (4) for this fungus. 

As noted above, differences in lengtli w^ere observed in conidia produced 
from diseased leaves at different temperatures. The longer spores were pro¬ 
duced at the lowest temperature. One-hundred conidia each were measured 
from lots j)r()duced at 8"" and 18° C., respectively. Those produced at 8° C. 
had an average number of septa of 5.7 and measured 108.2 by 18.6 |j with 
a range in length from 82.6 to 129.0 p. Those prodiU'ed at 18° C. were con¬ 
siderably smaller wuth an average numlxu* of septa of 4.4 and dimension of 
79.3 by 14.9 j^j with a range in length from 62.4 to 96.8 p. 

DISCUSSION 

With the cultures used the results indi(‘ate that exposure to light, pref¬ 
erably daylight, is necessary for conidiophore and ('onidium development 
on agar. This was true regardless of type of nutrient within the range of 
those tested and found favorable for good vegetative growth. The agar 
cultures behaved identically with the myi'clium produced from diseased 
leaves yet the my(*elium within the di.sea.sed leaves was capable of i>rodueing 
('onidiophores and conidia in tlie dark within a few liours. This indicated 
that the mycelium within the leal* as a result of the aidion of diurnal changes 
of outdoor eiivironnient during its <level()])ment. had stored within it tlie 
necessary potentialities, whether chemical, nutritional, or otherwise, for 
conidium production. These ])otentiaIities wtu’c not transmitted to the my¬ 
celium growing fi'oiii tliese leaf pieces into tlie agar.*^ There was evidence 
indicating that a moderately Ingh teinjteratnre dur*ing the period of liglU 
and a lower temperature d .ring tlic ])eriod of darkness were conducive to 
best sporulatiou. I iider these conditions sporulation on agar (odtiires was 
obtained within 48 hours. There was some evidence to indicate that an ex¬ 
tended jieriod of light as well as the higher tempei’alures employed resulted 
in excessively long conidio|)hoies. 

Ihe ability to induce this fungus to s|>oi‘niate in culture will make it 
possible to maintain single-spore isolates in a study of physiologic specializa¬ 
tion, and to iiave a supjily ol conidia at all times for use in iiicxuilation. It 
also makes it possible to ]xisitively and rajiidly identify the organism 
when isolated in culture. 

SUMMARY 

Abundant, normal sporulation was obtained within 48 lioiirs on agar 
cultures ot tlie lungus //c/ia//7//(o,s7x>r/aa7 (/raniinriim llab., the eausal agent 
ol: the barley stripe disease, wlien lu^ld outdoors to expose them to diurnal 
changes of environment. Conidium pnxluctiou under these (‘ouditions was 
obtained on single-conidium isolations, on mass mveelial transfers, and on 
mycelial growth which developed from pieces of diseased leaves placed on 
agar. 

A number of media were employed to test their relative value for sporu- 
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latioii, but there was little evidence to indicate that any were superior to 
ordinary potato-d(‘xtrose apiar. Various light and temperature combina¬ 
tions were employed in an attempt to determine the effect of each upon 
sporulatioii. 

In the absence of light no sporulation was obtained on agar slant cultures 
or on mycelium growing from diseased leaves, either outdoors or indoors. 
In the presence of light but under continuous high indoor temperatures, 
again, no sporulation was obtained. 

Light, ])referably outdoor daylight, was necessary for the induction of 
sporulation. A few spores were produced under artificial light. 

Relatively high temperatures throughout the growing period as well as 
extended periods of light resulted in excessively long conidiophores few of 
which produced conidia. This was ti*ue of agar ('ultures and of pieces of 
diseased leaves. A tempei*ature drof) during one-half of each 24-hour period 
gave best results. When diseased leaf pieces were placed on ])otato-dex- 
trose agar and iiicubated in the dark at various temperatures from 8"^ to 
85"^ C. to obtain sporulation it was found tliat conidio[)hore b*ngth increased 
ajid (*onidium length de(*reased as the temperatures increased. 

Division of I^lant Ratiioloov, 
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PHYTOPATHOLOGICAL NOTES 

The Use of Wetting and Adhesive Agents to Increase the Effectiveness of 
Conidial Suspensions for Placet In the eoiirse of studies on 

the rice *‘blastdisease, eonsiderable diffieulty was eneountered in establish* 
ing* infection and in seciirinj^ a unirorni distribution ot leat lesions on rice 
plants inoculated with aqueous suspensions of the conidia ol the causal 
organism, Pwicularia ory^ae Cav. This was because of tiie high surtace 
tension of the droplets on the waxy surfa(*es ot the rice leaves. When the 
rice plants "were subjected to continued wetness in the humidity tent, tree 
moisture formed on the leaves in large droplets which, as they rolled off, 
removed conidia which had not yet had suffici(‘nt time lo germinate and 
infect the plant. As a result, the leaf iidVctions were tew and generally 
aggregated either at the tips or at the hastes of the leaves. In order to in¬ 
crease the effectiveness of atomizing conidial suspensions onto the plants, a 
series of ex|)eriments was conducted using wetting and adhesive agents, 
singly and in combination. The criteria used for stvlecting these* agents wen-e 
the effective reduction ol' surface tension, the adhesion ol the solution to the 
j)lant, the non-toxicity of the agent to the conidia, and finally, tin* relative 
amount of infection resulting from the use of conidial sus|>ensions (‘ontaining 
the agent. 

The following wetting and adhesive agents were tc‘sted liy atomizing 1 |)er 
cent solutions on rice leaves: soft soap, Castile soap |>owder, saponin, sodium 
oleate, gum arabic, Mi(*ro-bentonite, Fuller's earth, calcium caseinate, gela¬ 
tin, and Casco glue. In addition, single droplets of known volume were 
placed on rice leaves and tlr' areas (‘overed by the droplets were compared. 
By this method soft soa|), Castile soap powdcj*, and sodium oleate were 
selected as possible Avetting agents; and calcium caseinate, Casi'u glue, and 
gelatin were selected for |)ossible use as adhesive ag(‘nts. The lowest effe(*ti\*e 
('oucentration was then determined for emdi of tlie selected solutions and 
these, in turn, tested singly and in combination for relative toxicity to Piricn- 
laria oryzae by germinating the conidia in tiie resj)et‘tivc solutions and study¬ 
ing their reactions. At the same time their relative effectivem^ss on j)lants 
Mas determined by taking (Miual volumes of sus])cnsions containing an ecjual 
number (d* coni<lia ami atomizing them onto y)lants. After the inoculated 
plants were dry they were subject(‘d to 24 hours of (‘ontinued Avetness in a 
humidity tent to insure the establishment of infection. Fuidher expei*iments 
were made using tfiose agents selected from these tests. Th(' results from the 
germination studies and the last tvAX) plant inoculation trials are given in 
table 1. 

It was possible to increase the number of leaf infections ])er plant many 
times OA^er that effected by conidia in a Avater suspension, and, at the same 
time, to obtain a more uniform distribution of leaf infections over the entire 
(^ouductod at Cami, Dt^trick, Frederick, Mainland, from September, 1<)44, to 
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TABLE 1.— The effect of wetting and adhesive agents vpon the germination of Piri- 
eularia orysae conidia and the estahlishment of infection on rice plantsf^ 


Germi- 

Wpttiiig and adhesive nation of 
agent conidia 

(per cent) 


Water ((’ontrol) . 99 

0.1 per cent soft soap f 0.1 jier 

cent gelatin . 97 

0.1 per cent soft soaj) 4 (>.2o per 

cent gelatin . 90 

0.05 per cent Xa oleate 0.1 per 

cent gelatin 90 

0.05 ])er cent Xa oleate 4 0.25 per 

cent gelatin . 98 

0.05 per cent Na olt‘ate 4 0.25 p(>r 
cent ca.seinate .. 90 


Trial A Trial B 



Av. No. 


Av. No. 

Total No. 
plants 

infec¬ 

tions 

per 

plant 

Total No. 
plants 

infec¬ 

tions 

})er 

plant 

45 

0.2 

38 

0.8 

33 

9.5 

38 

2.1 



38 

3.8 

44 

5.8 

38 

5.3 

37 

11.1 

38 

6.5 

42 

3.1 

38 

0.7 


ii Acadia ri<a‘ in the 4-5 leaf stage ^va.H used. 

.stirfaeo of tlie leaf. Because of this uniformity in lesion distribution, a con¬ 
siderably more aetuirate and reliable method of determining numbers of leaf 
lesions Mas aidiieved, and this was used as a scoring procedure in later 
studies.- A solution (‘ontaining ().()5 jter cent sodium oleate and 0.25 per cent 
gelatin was the most effective spreader-sticker combination. All of those 
shown in table 1, however, were sui)erior to the Mater control. Stock solu¬ 
tions of sodium oleate and gelatin Mere kept in cold storage so that conidial 
suspeiisioiis eoidd be readily made when necessary. It is believed that these 
combinations of Mctting and adhesive agents may prove useful for the appli- 
(‘ation of conidial siispeiisions to leaf surfaces similar to those of rice.— Axel 
L. Andeksen and B. W. Henky. 


Syskniiv Infiction of Downy Mildew in Soybean and Alfalfa} —In the 
soybean nursery at Madison, Wisconsin, in 1945 downy mildew {Perono- 
.spora manchurica (Naonm.) Syd.) developed about the middle of June and 
spread to the entire nursery before the end of the siimnier. In the more 
susceptible varieties pods at many of the nodes bore seed enerusted Muth 
oospores of the fungus as described by Joliiisoii and Lefebvre.- Prom sneli 
seed planted in the greenhouse infected seeillings have at times been ob¬ 
tained M’ith lesions apparently eonneeted by myeelium in a systemic infec¬ 
tion. Young ])lants with such systemit* infection have been eolleeted in the 
field by Dr. W. B. Allingtou and others, and in the colleetion by Allington 
eliaraeteristie myeelium of tlu* fungus has been found in all parts of the 
plants through the hypoeotyl and first trifoliate leaf. 

Andersen, A. L., B. W. Henry, and E. C. Tullis. Factors affecting infectivity, 
spread, and p(u*sisteiice of Pirieularia oryzae (’av. Phytopath. In press, 

1 A co()})erativc investigation of the IT. S. Departnieiit of Agriculture, Bureau of Plant 
industry, Hoils, and Agricultural Engineering, Agricultural Research Administration, and 
the Wisconsin Agricuitiiral Experiment Station. 

2 Johnson, H. W., and C. L. Lefebvre. Dowiiv mildew on sovbean seeds. S. 

T)ei)t. Agr., PI. Bis. Rptr. 26: 49-50. 1942, 
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Fid. 1. Types of downy mildew l(‘sions on .soybejins. A. Non infected leaflet; 11. 
Leaflet of a vanety liaviiif,^ uniforuily small lesions; C. l.eaflet of a varitdy.havinjj lar^^e 
and oft(?n coalesceni lesions. 


Varieties of soybeans differed in the kind and the ahnndaina* of lesions 
tfiat developed in the field dnriiiji* the snniinet*; and tli(‘ same differeiU'e Avas 
tound when tliese varieties were inoculated in dlie ^*r;‘(*nliotise early in the 
followinju’ spriiio'. In some varieties visible lesions were alismit or rare in the 


I AHLL 1 .*■ (Idssii(Hi of soyhcdn VdTicIifs' hdsiul upon (ty nHnilx v of dou'tiif 
niUdcw lesions, dri<f Ihc pt rccnfdp' of t ncruslesJ st r<l prodnetd in o nursery in 194f) of 
Mddison^ Wisconsin 


Variety 


(fljaivicOM' 
f»f lesion 


Erie rusted 

.see<l:‘ 


V.-iriety*' 


(fldiraeti'r 
of l(‘sion 


Ri('iiland . Jjnrjx<* 

Ttbiii . do 

Earlyana . Snmll 

Maharo . do 

Ottavva, Mandarin do 

Mandarin No. 7 . do 

einifield . Kiln; or 

absent 

Alan elm 3 . do 

Alaiudm tiob . 

Manc'liukota.. do 

Ontario . do 

Larp^e or 
smalt* 

Mingo . do'^ 


/V/• ef nf. 


1 s.s 

(ioldsoy 

1 .urge 

e.H 

Fla III bean 

Small 

(i.n 

K a bolt 

do 

o .:5 

0.8 

Pri desoy 

do 

1.0 

Montreal 

Rare or 

I o 

Manelm 

absent 


o.r> 

o.:i 

7.0 

.* 1.8 


a Bfised iij)on 400 seeds drawn from eacdi of 4 renlicato^ in . ~ ^ .. 

With ... «"■' otb.. 
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field, and none were found in the j^reenhoiise; in otliers, lesions on all plants 
were lar^e (Fij>:. 1, C) or small (Pig:. 1, B) or the variety w’as a mixture of 
plants having' large or small lesions (Table 1). Varieties and selections 
having large lesions had outstandingly large percentages of spore-encrusted 
seed, reaching 41 per cent in one selection. On the other hand varieties in 
which lesions were rarely found still had occasional spore-encrusted seed. 
Whether these were borne on plants with rare or no visible lesions or came 
from seed mixtures remains to be determined. 

Mildew infection apparently had no elfect on seed yield in this nursery. 
A nonsignificant correlation coefficient of -0.17 (N 67) between percentage 
of seeds encrusted wdth mildew and yield of seed in bushels per acre was ob¬ 
tained from a yield nursery of segregates of (Lincoln x Richland) Lincoln. 

A nursery of transplanted alfalfa was also infested with mildew iPcrono- 
spora irifoliorum DBy.) in 1945. The nursery contained clones of un- 
s(‘lected plants from several varieties and strains, and also closely spaced 
single j)lants obtained from selfing selected plants whose sus(*ej)tibility to 
milde^\' was known. Plones and |)lants differed as in soybeans. Many were 
Jiot inf(‘cted at all. lnfc(‘ted plants u.sually had only infected leaves. A 
few had sys1enii(‘ iidVction to some degree, .sometimes only in axillary shoots 
in lat(‘ fall, but nioiv often in late fall in crown .shoots wliich were pale in 
(‘olor, but v'hicli survived the winter, and on wliicdi couidia were found A])ril 
Rl, 1946. These couidia arc assumed to be the soiu'ce of heavy infestation 
in this nursery in the following May. 

Tlie ])ercentage of infe(*ted ])lants in varieties ranged from 12 per (‘Ciit in 
Ilai'distan and Ladak 1o 60 })er cent in ITaidigan. Among the |) 0 ])ulations 
obtained by selfing sus(‘ej)tible plants, one of 90 plants developed in late 
autumn systemic infection in one or more ('rown shoots of each individual. 
The ])arent was infected in the same manner. Parents susceptible to leaf 
infection gave po}>ulations in wliieh over half the plants were similarly in- 
f(‘(*ted, with a small |)er(HMitage of ]dants in which systemic infection 
(x'curi'cd also. Both .systemic and h^af ijifection has been obtained from in- 
oenlation in the greenliouse; a thoi'ough comparison of tlie reaction of ])lants 
in the gi’ceidiouse wiMi that in the field has not been made. However, it 
ai)|)ears at present tliat systemi(* infection in .shoots is an important agency 
in the overwintering of this fungus, and that but a ])art of the plants that 
may have leaf infection are capable of this .systemic invasion. —Fred R. 
Jones, Senior Pathologist, V. S. Department of Agrieiilture, and J. H. 
Torrie, A.ssociate Profes.sor of Agronomy, Wisconsin Agricidtural Experi¬ 
ment Station. 
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nematode of, 892 
Atropa belladonna, 688 
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Bacteria, association with wheat roots, 277 
(lisHoeiation of, 589, 613 
overwintering;, 677 

seed transmission of blight of sugar 
bc(‘t, 549 

soft rot in ])otato tubers, ring-rot syinj)- 
tonis, 237 

Bacterial blight of cotton, 409 
Bacterial disease of orchi(ls, 695 
Bact(*rial leaf blight of fern, 758 
Bacterial h*af spot of gardenias, 865 
Bacterial ])ustnle of soybean, 405 
Bacterium medicaginus var. phaseolicola, 
277 

krameriani, 696 
Bakkr, G. a., (418) 

Bakku, Kenneth F., 281, 380, 493 
Banana, Actinojriycetes and Panama dis¬ 
ease of, 406, 983 
Barbar(‘a vulgaris, 648 
Bailey, foot rot of, 397 

reaction of varieties to loose smut, 534 
seed microtlora of, 399 
s(*(‘dliiig infection by Xanthomonas trans- 
luceiis var. cerealis, 446 
stripe, method of inoculation, 689 
water-congestion and infection, 402 
Barratt, K. W., 679, (680 ) 

Barrett, d. T., (865) 

Barrett, James W., (397) 

Basicop (See Fungicides) 

Bean, Broad, powdery mildew of, 370 

infection by Phytomonas aptata, 552 
(\'istor, se(*d treatment, 689 
curly-to[> virus in, 462 
growth regulating effects of fungicides, 
686 

Kidney, infection bv Phvtomonas aptata, 
552 

soybean and tobacco virus(\« an, 321 
Tama, injury by J^ygns bug, 493 
mosaic, 170 

overwintering cd* bacterial pathogens, 
677 

Macrophomina. phaseoli on, 979 
mosaic virus, associated with bai-teria, 
589 

new strain, 324 
No. 2, 394 

No. 4, electrophoretic study, 137 
rust, control with sulphin, 689 
String, injury by I-iygus bug, 515 

reduction of Imd, blossom, and pod 
drop by hormones, 504 
water-congestion and infection, 402 
Beet, 679, 680 (See also Sugarbeet) 

Begonia semperllorens, 653 
Beilis perennis, 647 

Befizoic acid derivatives, in reduction of 
abscission, 505 

Beiizvl salicvlate-cottonseed oil (See FiiiiLi- 
cides) 

Berg, Anthony, 395. 

Berkeley, G. IT., (73) 

Beta vulgaris, 647 

var. cicla, infected by Phytomonas 
aptata, 552 

Bichloride of mercury (Sec Fungicides) 


Tlidens frondosa, 647 
Biographies, 
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Weir, Jaajks Robert, 487 
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Black, L. M., (157) 

Bliss, Donald E., 302 
Blodgett, Earle C., 675 
Blueberry, virus stunt of, 684 
Bluograss (See Grasses) 

Bine mold, of sw(‘et cherries, treatment 
witli ultraviolet radiation, 107 
of tobacco, control, 684 
Borax, control of citrus fruit decay, 398 
(See also Euugicides) 

Bordeaux mixtiir(‘ (See Fungicides) 

BorlaCG, N. E., 395, 479 
Boron deficiency of sweet jiotato, 164 
Botrytis allii, etfeet of diplumvl vapor on, 
888 

cin(‘r(‘a, causing pole-rot of tobacco, 679 
effect of diphenyl vapor on, 888 
efi‘(*ct of ultraviolet radiation on sport‘s 
of, 102 

Boyle, I.. W\ (458) 
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])ekinensis, 648 
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Beecmkk, P. S., (685) 

Breeding (See also Resistance,) 
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Bkiekley, i^iiiLiP, 292, 297 
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Browallia americana, 650 
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Bki NsoN, A. M., (412) 

Brv ant, L. It., 329 
Bi iiREK, Kona M., (180) 

Bunt, (See Smut; bunt) 

C 119 (See Fiingicides) 

(^abbagt*, 679, 680 

control of mosaic, 1035 
improvement of ascorbic acid content, 
398 

resistance to mosaic, 468 
S(‘(*d treatnumt, 729 
Caldwell, R. M., (1640) 

(■aleiidula officinalis, 647 
(^‘lUistephus chineiisis, 647 
Calonyction aculeatum, 648 
Camellia, flower blight of, 380 
(^ampanula spp., hosts for tobacco viruses, 
646 

Cankers, of deciduous trees, 408 
of ymplar, 148 
Cannabis sativa, 937 
Cantaloupe, 944 
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Capsella bursa-pa storis, 648 
Oapsicuiu an 11 uurn, infected by IMiytoinonas 
aptata, 552 
frutescons, 650 
('arica papaya, 647 
(’arnation, 687 

(Jarneocephala fulgida, 118, 401 
trigiittata, 634 
Carrot, seed treatment, 729 
water-congestion, 402 
Cartkr, J. C., 395 

Cassia nictitans, Macrojdiomina pliaseoli 
on, 979 

Castanea crenata, 554 
Castor ]»eaii, seed treatirKuit, 689 
Casuarina stricta, Arinillaria root rot of, 
302 

(\Mttleya, 695 

Celery, resistant to ('ereospora apii, 986 
vv.' I te r - CO n gest ion, 402 
(Vlosia argeiit(‘a, 646 

(’entaurea hosts for tobacco viruses, 

647 

(-e n t ro s}) o ra I > ro m i, 8 9 5 
Ohhuisii, 895 

Ceplialosporiuin, effect of diphenyl vapor 
on, 888 

(Vratoina trifurcata, 514 
(Vratostoniella fimliriata, 284 
radicicola, 284 
ulini, in Massachus(‘tts, 680 
rat(‘ of spread of, 689 
C(‘rcoHj)ora ajdi, on celery, 980 
oryy.ae, races of, 395, 950 
(N'reals, effect of crop rotation on root rot, 
410 

Ceresan (See Fungicides) 

(\*tyl isocjuinoliniuin bromide (See Fungi¬ 
cides; Tsothan) 

Chaenonieles japonica, 284 
(3»aetoininin, on cotton H(*ed, 29 
Chalara <pi(*rcina, 397 

CliaJaropsis thielavioides, cjiusing bud and 
graft union failure in rose, 281 
Charii>is Indorophylla, 647 
Cheiranthus allionii, 648 
cheiri, 648 

Chelidoninni majus, 649 
Cheniothera]>y, against Iracterial blight of 
pear and walnut, 717 
Oxyipiinolin benzoate, effect on foliage 
wilting of elm, 682 
Cheno])odiiiin allnim, 647, 688 
ainbrosioides, 647 
glanciiin, 647 
riibrum, 647 

Cherry, relation of temperature to yellows 
virus, 353 

sour, relation of yellows to yield, 406 
sweet, 284 

tatter-leaf virus of, 73 
ultraviolet radiation to eontrol fungus 
decay, 300 
virus of, 409 

Chestnut, nutrition related to blight sus¬ 
ceptibility, 554 
CniLDs, Leroy, (778) 

Cjiilton, St, John P., 395, 950 


("HiTWOOD, B. G., 180, 684 
Chloranil, 680 

2-(3iloro-5-iiitro benzoic acid, 505 
p-Chloropbenoxy acetic acid, 505 
Cbondriosornal changes in Hosta japonica, 
472 

Christensen, J. J., 396 
Christie, Jesse K., 340 
Ch rysa iithem um, 687 
lenca n themiim, 64 7 
Cichorium endivia, 647 
Citrivir pertinaciae (See Viruses; stubborn 
<iiseasc) 

Citrulliis vulgaris, 653 

Citrus aurantium, Arinillaria root rot of, 
302 

Citrus, control of fruit decay, 398 
necrosis and giimmosis of, 398 
sinensis, Arinillaria root rot of, 302 
(3adosjmri um, 679 

cucuinerinnm, effect of diphenvl vapor 
on, 888 

herbariim, effect of ultraviolet radiation 
on s])ore8 of, 102 
effect of dipbenyl vapor on, 888 
Olarkia elegans, 654 
Clayton, 1^3. E., 684 
('leome spinosa, 647 

Clover, Ladino, viabilitv of treated seed. 
403 

red, viability of treated seed, 403 
water congestion, 402 
Ct,ulo, Genevieve, (395) 

Cobaea scandens, 650 
(’ociiRAN, G. W., 396 
CooiiRAN, L. C., 396 
Cohen, Sylvan Irving, 397 
Coix lacbrvma-jobi, inoculation with smut, 
411 

Coffee weed, 979 
Coleus Itlumci, 649 

('(dletotrichnm circiiiains, effect of diphenyl 
vapor on, 888 

gloeosporioides, effect of diphenvl vai)or 
on, 888 

gossvpii, survival in stored cotton seed, 
24 

lilii, control of, with fungicides, 391 
Collinsia bicolor, 650 
Compton, TiEROY, 1040 
Cook, Harold T., 397 
Copper compounds (See Fungicides) 
Coreopsis graudiflora, 647 
Corn, 979 

diseases of in Giiabunala, 412 
dwarfing and witches’ broom of, 410 
ear rot caused by Phy8alo8]iora zeae, 201 
inheritance of susceptibility to Hel- 
mintbos]H)rium carlionum, 432 
relation of pericarp injurv to disease, 
403 

resistance to Helminthosporium turci- 
enm, 660 

seed treatment of, 93, 729 
water-congestion and infection, 402 
Corticium solani, 401 

pathogenic on yellow calla, 699 
vagum, cause of root rot of milo, 410 
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(V)rynoiini asperulum sp. iw;V. 7 G> 

bcijeriiickii, effect of dipaUi/i v'a'por on, 
888 

(k)tt(>n, bacterial blight of, 409, 413 
loss of viability of stored s(>(*cl, 30 
microflora of seed of, 24, 30 
nutrition :ind wilt resistance, 703 
root-rot, effect of Jiutritiori on, 008 
seed treatnient, dOo 

survival of Collctotricduim on seed of, 
24 

( ■ovvpea, 979 
Cox, C. E., (402) 

CliOSIEK, WlLLAKD, 92, 102 
Crotalai’ia intermedia, 979 
spectal)iiis, 340 
Cucumber, 080 

anthracnose, control with Fermate, 404 
infect(*d by Pseudomonas iaclnymans, 
943 

J’ythiiim on, 782 
Cue urn is melo, 053 

var. inodorus, 943 

sativua, 321, 053 (See also Cucumber) 
Cucurbita maxima, 053 
})epo, 053 

Cuerna occideutalis, 034 
(^upressus semj)ervircns, 775 
Ciiprocide (See Fungicides) 

<hirly top (Sec Viruses) 

Cuscuta cain])estris, 390 

spp., parasitic on other dodders, 380 
transmission of virus by, 143, 390 
Cymbalaria nuiralis, 050 
(Vnoglossuin amabile, 054 
Cypliomandra Ixdacca, 050 
(Cypress, (k)ryneu?n asp(‘rulnm on, 775 
Cy)»ri])edium, 090 
Cy tospora, 150 

Dahlia pinnata, 047 

Daines, Robert II., 230 

Damping-off, effect of soil moisture, 079 

Datura stramonium, 050 

Da Ileus carota, 052 

JIavidsox, U. H., 237 

Daviuson, Ross W., (777) 

Dean, Lesue L., 324 
Decker, Piiares, 1411), 479 
Demaree, 3. n., 084 
De Ono, F. R., 409 
Dmidrobill 111 , 090 

D-D, for control of nematode, 408, t»84 
DDT, 405, 407, 081 

control of Lvgus bug injurv to liima 
liean, 498 

Delphinium cultoriim, 654 
Diabrotica duodecimpuiictata, 514 
vittata, 514 

DiA(’iir:N, Stephen, 277 
Dianthiis barliatiis, 047 
chinensis, 047 
Diatrypo macounii, 408 
Dichloro diphenyl dichloro etliane (See 
Fungicides; Z-39) 

2, 4-Dichlorophenoxy acetic acid, 505 
2,3, Dichloro-l, 4-naphthoquinono (See 
Fungicides; Phygon ) 


a-(2,4-Dichlorophenoxy)*n-butyric acid, 505 
Dickson, James G., (226), 397 
Dietz, S. M., 397 
Digitalis purpurea, 650 
Dimorphotheca aurantiaca, 647 
Diplodia, control of on citrus fruit, 398 
natalensis, 750 

cause of onion rot, 215 
effect of diphenyl vapor on, 888 
theobromae, causing die-liack of guayuli‘, 
505 

on cotton seed, 35 

zeal', control of on corn seed, 93, 102 
Dieler, 3 . D., 554 

i)isodium idhylene bis dithiocarliamate 
(See Fungicides; Ditliane) 

Disonycha xanthom laeiia, 514 
Dissemination, of air borne inoculum, 418 
of Chalaropsis thudavioides, 280 
of oat mosaic, 359 
I>ithane (S(‘e Fungicides) 

(I, ll-Ditbiocyano (dliyl ether (See Fungi¬ 
cides; B- 72) 

Dolichos labial), 049 
Doolittle, s. ]*., 085 
Doran, AV. L., 079 
Dothiilella ulei, control of, 088 
rcsistanci* of rulibei* to, 080 
Dothiorella, effect of diphenyl vapor on, 
888 

Dow fungicides (Sei* Fungicides) 
Draeculacephala mimuva, 118, 401 
Drki’Jisi.er, Charles, 213, 781 
Dc Bu'Y. ip (P, (472) 

J ) l.: N N , S'i’ C A R'J', (409) 

<lu l^>i)l 1452 C (See Fungicid(*s) 

Dusts (See Fuiigicides) 
effect of diluent on cO])[)er availabilitv, 
408 

Early blight, resistance of })otato, 1011 
lechium vulgare, 05 4 
F run NS, A. TP, 239 
Fggplaiit, 079, 080 
Fim, chemotherapy, 082 
Dutch Flm disease, 080, 089 
FIsinoe piri, distribution of, 458 
Fmerson, K. a., (980) 

Fmilia ilammea, 047 
Kmmeiialithe penduliflora, 048 
Frnpoasiei fal»m‘, 514 
Endocouidiophora, 284 

fimbriata, elli'ct of dij)henvl vajior on, 
888 

paradoxa, (‘ffect of diydienyl vajior on, 
888 

variospora, 284 
Endothia parasitica, 554 
Enulish, I Par ley, KiO 
Epidendruiri o ’brciniajiiim, 095 
Epitrix cucumeris, 514 
Erigeron animus, 047 
speciosuH, 047 
Erwinia aniylovora, 717 
^ carotovora, in jmtato tubers, 237 
Eryngium aqua tic urn, viruses of, 402 



1946J 


Index 


V 


Krysiplu* oicJjoraccariim, oit zinnia send, 379 
polygoni, on In-oad ))ean, 370 
races of, 373 
host range, 373 
viciae pisi f. nov., 37H 
Khatt, Katherink, (401) 

Ethyl rnereuric pliospliate (See Fungicides; 
Semesan dr.) 

KuchhuMia inrxicana (See Teosinte) 
inociilatioii with smut, 4J1 
Ku])at(>nuin iasseauxii, 047 
Eu])h()rhia heter-jpljylla, 0,'^)3 
ina rginata, 07)3 
])r(‘sJii, Oao 

Fag(»pyriini esculentuin, 004 
FAiRruiEi), S. J., (4S1), (897) 

Fawcett, H. S., 077 
Feaster, FARii V., (380) 

Fennate (See Fungicides) 

Fi'rn, Hird’s-nest, leaf blight, 758 
leaf neinurode, 892 

Ferric' dimethyidithiocarhainate (See Fun¬ 
gicides ; F(*rniate) 

Festuca (See (irasses) 

FisflER, F. n., 504 
FI sTi EK, 11 i:r IJ1-:r' i', (013) 

Fluorim*, injury to apricot, 409 
Foliarsphere, 324 
Foesom, Donald, 1010 
Fomes igniarius, 408 
Foksell, M. J., (458) 

Foster, A. A., 080 
FosTKit, H. F., 398, 091 
Fra M ETON, Vernon L., 129 
Frazier, Noraian W., (117), 034 
FrEE i’A<j, ,I. H.. (117), (034 } 

Friscanus friscanus, 034 
Fumigaiioii of soil, against luuuatode, 408, 
084 

Fungicide'S, AAZ (zinc oxide), 728 

Arasan (tetrainethvl thiurani disulfide), 
289, 403, 087, 728 
castor bean s<>ed trc*atiiierb, 089 
corn and pea sec'd Ireatnimit, 93 
guayule seiai tri'atmeiit, 1001 
luMU]) seed treatment, 937 
soybi'au l>al(ihead control, 109 
soybean sec'd treatment, 088 
sugar beet seedling blight contrc)!, 551 
vialVility of tri'atcd seed, 403, 937 
assay for stalnlity (»f orgauie fungicidi* 
rc'sidnes, 079 

1>~72 (jl, jj-dithiocyano (dhyl edher), 407 
llasico}), control of tomato fruit rot, 330 
bentonite, 289 

benzyl salicylate-cottonsi*ed oil, control 
of tol)acc() blue* mold, 048 
bichloride of merenrv, sweet-potato dip, 
402 

bismuth sn))s;iiicylat(', control of Alter- 
naria on tomato, 081 
Borax, control of stem-(>nd rot in orange. 
750 

sweet-potato dip, 402 
Bordeaux mixture', control of ap])lc fruit 
spot, 230 

control of Alternaria on tomato, 081 


control vt black rot of grapes, 920 
coiitiiA 'ji 'ucumber finthracnose, 404 
control of potato late blight, 407 
control of tomato fruit rot, 336 
on potato, 407 

0-119 (copper trichloroidicnate), 728 
(k?resan (ethyl mercuric chloride), corn 
and pea S(*ed treatment, 93 
combinations with growth substances, 687 
copper, action of on se(*d respiration, 680 
availability as infhu'nced by diluent, 
408 

-clav, control of sovl>ean bacterial pus¬ 
tule, 405 

compound A (tc'tracoi)j>er calcium chlo¬ 
ride), 407 

control of soybean, bacterial ])uk- 
tnle, 405 
on ])otato, 407 

oxychloride, control of tomato fruit 
spot, 336 
snlj)hate, 407 

control of Alternaria on tomato, 
681 

control of gardenia leaf sjiot, 867 
phosphate, 778 

H-cpiinolinolate, control of apple scab 
and blotch, 572 

sulplmte, in irrigation Avater as con¬ 
trol of tomato fruit rot, 336 
-sulfur, control of soybean bacterial 
pustule, 405 

Fnprocide (red cuprous oxide), 728 
control of cucumber anthracnose, 404 
guayule seed treatment, 1001 
diphenyl, fungistatic action of, 887 
di])s for swei't potato, 402 
Dithane (disodium ethylene bis dithio- 
carbamate), 407, 681, 685 
I)-14, 289 

control of Alternaria, on tomato, 681 
control of cucumber anthracnose, 404 
control of tomato wilt, 399 
on potato, 407 

Dow No. 9 (zinc triehlorophenate), 290 
as seed protectant, 406 
cotton seed tieatment, 405 
Dow F-4S, 407 

du l*ont 1452 0 (ethyl mercury /i-toluene 
snlfonanalidt*), corn and pea seed 
treatmi'iit, 93 

Fe r in j \ 1 1 * (f e r r i c d i m et 1»y 1 d i t h i o c a r 1 > a 

mate), 687, 778 

castor l>ean seed treatment, 689 
control of Alternaria, on tomato, 681 
control of ap])h‘ scab and blotch, 572 
control of apple scab and fruit spot, 
236 

control of bacterial pustule of sovlu'an, 
405 

control of camellia flower blight, 381 
control of cucumber anthracnose, 404 
guayule seed treatineiit, 1001 
soybean seed treatment, 401 
SAveet potato dip, 402 
ATget.ablo seed treatment, 728 
field eA’aIllation, 68t) 
glyoxalidiiu* derivatlA’es, 682, 683 
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j'^rowtli roguliitiiig (>8() 

inorgaiiie salts, 728 

Isothan (Jir> (lauryl isoqiiiiioliuium bro¬ 
mide), 289 

coatrol of apple seal) and blotch, 572 
control of apple scab and fruit spot, 
250 

on potato, 407 
sweot-j)otato dip, 402 
Isothan Q32 (cetyl isotjuinolinium bro¬ 
mide), control of apple scab and 
blotch, 572 

leaf structure in relation to s])ray pene¬ 
tration, 081 
lini(‘, 290 

li(piid lime-sulfur, control of apple scab 
and fruit spot, 230 
Malachite green, 290 
Mersolite 19 (phenyl mercuric salicy¬ 
late), guayule seed treatnnmt, 1001 
Mcrthiolate (sodium ethyl mercurithio- 
salicvlate), control of citrus fruit de 
cay, 398 

Micronized sulfur, control of apple scab 
and fruit spot, 230 

New Improved C'eresan (ethyl nit'rciiry 
phosphate), 405 

control of sugar beet seedling blight, 
551 

hemp seed treatment, 937 
soybean seed treatiu<mt, 088 
viability of trcnited seed, 403, 937 
New Improv(*d Semesan Jr,, castor bean 
seed treatment, 089 
]>eTim‘ation versus toxicity, 080 
plumotliiazine, 729 
])henyl mercuric acetate, 284 
phen^d mercuric chloride, 290 
Phygon (2,3, dichloro-1, 4-na]ihthoqum 
one), 087 

control of Alternaria on tomato, 081 
control of apple scab and fruit sput, 
230 

control of turf copper spot, 403 
corn and pea seed treatment, 93 
guayule seed treatment, 1001 
(»n ])otato, 407 
sweet-]»otato dip, 402 
Puratized (phenyl mercuri triethanol 
ammonium lactate), control of A1 
ternaria on tomato, 081 
117, control of turf co}>]>er spot, 403 
N5~M, control of apple scab and 
blotch, 572 

control of black scale of lily, 392 
control of citrus fruit diM' 4 iy, 398 
on potato, 407 
sweet-potato dip, 402 
,N5-X, control of ap])le scab and fruit 
sj)ot, 230 

control of black s<'ale of lily, 392 
Puraturf, control of copfXT "spot of 
!,nrf, 403 

o-quinono dioxinie, 680 
Semesan (hydroxy mercurichlorophc- 
nol), 728 

castor bean seed treatment, 089 
guayule seed treatment, 1001 


viabilitv of treated forage crop seed, 
403 

Semesan Pel (hydroxy mcrcuri nitrojihe- 
nol f hydroxy mercuri chlorophenol), 
sweet-p(dat<) dip, 402 
Semesan Jr. (ethyl mercuric phosphat(‘), 
corn and ]>ea seed treatment, 93 
st)ybean baldhe.ad control, 169 
sodium dimethyl dithiocarbaniate, 290 
sodium orthophenyl]>heiiate, control of 
citrus fruit decay, 398 
sodium sulfate, 680 

Spergon (tretrachloro pa rabenzoquin - 
one), 403, 687, 728 
castor l>ean sc'ed treatment, 689 
contrfd of Alternaria on tomato, 681 
corn and ])ea seed treatnient, 93 
grcnvth regulating effects, 686 
guayule seed ti'eatment, 1001 
hern]) seed treatment, 937 
soylx'an baldhead control, 169 
soybean seed treatment, 401 
sweet j>otat() dij), 402 
viability of treated seed, 403, 937 
Yellow cal la seed treattneiit, 701 
Spergonex (o benzxxjuinone dioninm ])er- 
oxidiO- guaynh .seed treatimmt, 1001 
sf)rayiiig technique*, 680 
sulfur, causing reductiem in yield of 
pear, 777 

control of bacterial pustuh* of soy 
beau, 405 

coiitrol of lx‘an rust, 689 
control of sW(‘(‘t-j>otato soil rot, 869 
Tenn. *14, control of l)actorial pustule of 
soyl>ean, 405 

Tersau (totramethvi thiuraiu disulfide), 
728 

casUn* beau s<*ed tia^atmeiit, 68!< 
control of a]>ple fruit spot, 236 
sweet potato di]), 402 
I’ct ra ch lo ro r< * sore i n o 1, 728 
I'hiosan (See* T(*rsa n) 

Thiourea, control of citrus fruit (h‘cav, 
398 

I’ribasic co])j>er sulfate, 407 

control of Alternaria on tomato, 681 
c(»ntr(»l of cii<Mimber anthracnose, 404 
control of tomato fruit rot, 336 
TT.8.R. No. 604 (S(‘e Phygoii) 

Yellow cuprocide, 407 
control of tomato fruit rot, 336 
on potato, 407 

via))ility of treated for.age cro]> 8(*ed, 
403 

Z-39 (dichloro dipheiivl dichloro ethatie), 
407 

Zerlate (zim* dimethvlditliiocarbamate). 
407 

control of Alt(*riiariu on tomato, 681 
control of bact<*rial j)iistule of soy¬ 
bean, 405 

control of cojjper spot on turf, 403 
on potato, 407 
sweet-potato dij>, 402 
Zinc ethylene bisdithiocarbamate, 685 
Zinc sulfate, 290 
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FiiHariiiin, 152, 252, 400, 079 

moniJifonne, caiiso of miJ<» root rot, 410 
on cotton seed, 29 

on corn seed, control with fun|j|;icides, 

9 ?, 102 

on cotton seed, 35 

on pea seed, control with funpjicides, 93 
on Hii^ar beet seed, 394 
oxvHporiiin, f, asparafji, 397 
f. eubense, 983 

f. lvco|iersici, first svin|)forn on tomato, 
091 

f. tuberosi, 9(»2 

Hcirpi, effect of di|)henyl vap<n- on, 888 
Hpp., on cereal se(*d, 399 
vasinfectiim, 703 

wilt of tmnato, effect of soil moisture 
and te?ni)eratiire, 218 

<Jaillajdia aristata, 047 
(lalinsoj^a i>arviflora, 047 
(lamolepis taj^etes, 047 
(iAKHKK, K. .1,, (403) 

(lardenia, bacterial leaf spot of, 865 
(Jarlic, virus of, 292 
(lARNKR, dAMKS M., (557) 

(las, illuminating^, causing? aljscission, 505 
(iA^j'TANi, Mohan I.al, 3f)8 
(i.'u MANN, Kknst, 024 

(leneticsof microorgaiiisins, Phoma lingam, 
\ariation in, 408 

(iibberella zeae, relation to adaptation, 
390 

Pstilago zeae, dijiloid lines, 398 
Venturia inae<pialis, 403 
Xanthomoiias phaseoli, variation in, 589, 
013 

(leraniuiii, 087 
caroliniaiuiin, 048 
(lEitTiART)T, Fisk, (100) 

(Jeum <'rniadense, (554 
chiloense, 054 
(iibberella zeae. 400 

adai)tation in relation to genetic varia¬ 
tion, 390 

(li 1)1)1 NOS, N. J., 38, 58 
(lilia capitata, 050 
liniflora, 050 
(biJA, P. L., (410) 

(Jloeocercos]»ora sor^hi, control of on turf 
j^rass, 403 

(Jloeosporiiim penmn.ans, effect of diphenyl 
vapor on, 888 
necator, 1043 
venefnin, 1043 
(ilomerella, on ajiple, 528 
on lupine, 528 
on (I’haniaecrisla, 528 
cin^ulata, 394 

causing*: anthracnose of Lesped(‘za, 524 
effect of diphenyl vajX)!’ on, 888 
effect of jjrowth substances on, 394 
races of, 532 
Glycine max, 049 

Glvoxalidine derivatives, as fungicides, 082, 
083 

GonFREA , G. 11., 398 
GolDvSMITH, G. W., (007) 


Goin])hrena haageana, 646 
Gordon, W. L., 399 
Goasypiuin spp. (See Cotton) 
hirsutum, 654 

Goit, Cora Lee Terry, 667 
Gottlieb, David, 399, 557 
Graham, T. W., (684) 

Gra])e, muscadine, black rot on, 905 
Pierce’s disease virus of, 117, 401, 634 
Graphium ulmi, 082 
Grasses, Blue-, strii)e smut of, 57, 404 
Brome-, Xanthomonas on, 440 
Pestuca elatior, crown rust on, 404 
var. arundinacea, crown rust on, 404 
Johnson, sooty stripe of, 200 
Sudan, sooty stripe of, 200 
viability of treated seed, 403 
Turf, coj)per spot control, 403 
Greaney, F. J., 252 
Green dwarf, of potato, 671 
Gries, Geokoe a., 399, (680) 

Growth regulating effects of fungicides, 

686 

Growth substances, effect on Glomerella 
cingulata, 394 

in combination with fungicides, 687 
GRrB:NiiA(JEN, K. H., 399 
Guayule, Diplodia die-back of, 565 
seed treatment, 999 
Giiignardia bidwellii, 913 

f. muscadlnii f. nov., on grape, 913 
Gypsophila elegans, 647 

Hansen, H. X., (381) 
llANSiNG, K. 1)., 400, 433 
Hanson, F. W., 400 
Makrar, j. G., 400, (479) 

Harry, J. B., (683) 

Hedges, Florence, 589, 613, 678 
Heiberg, Barbara C., (245), 887 
Helianthus annuus, 647 
tuberosus, 647 

Helichrysum bracteatuiii, 647 
Heliopsis sea bra, 648 
Heliotro|)iiim corymbosiim, 654 
Helii)terum hiimboldtianiim, 648 
Helminthosj)oriuin, on oats, 406, 407 
carposaprum, sp. nov., 991 
gramineum, method of inoculating V)ar- 
ley, 689 

sporulation in cnltnre, 1049 
sativum, 252 

effect of crop rotation on, 410 
on barley, 397 
tureieum, on eorn, 412, 660 
Helocharn delta, 119, 401 
Hemp, seed treatment, 937 
Henderson, K. G., 400 
Henry, B. W., (1056) 

Heterodera marioni, 340, 408, 684 
rostochiensis, 180, 688 
HErBKRGER, J. W., (399), 685, 686 
Hevea, control of leaf blight, 688 
resistance to leaf blight, 686 
Heavitt, Wm. B., 117, (401) 

Heyne, E. G., (400), (433) 

Hibiscus esciilentus, 654 
manihot, 654 
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HILDKBRAND, A. A., 401 
TlipptJiStrum puiiiceum, 653 
Hodgson, Koland, 401 
TToleus Hiidaiiensis, 653 
Holland, A. H., (493) 

Holmes, Francis ()., 643 
Hooker, W. J., 389 
Hopkins, E. F,, (750) 

Hopperstead, S. L., (236) 
llordcuin vul^aro, 653 (See aJso Bariev) 
Ifoniioiies, reduction of bud, blossom, and 
pod drop in string bean, 504 
Horsfai.l, James (1., (399), 680 
Hosta japonica, cliondriosoinal changes in, 
472 ‘ 

Houston, Bryon E., (117), 401, 1049 
Humphrey, Harry B., 87 
TTun(3KRF0Rd, C. W., (324) 

H un 11 e n 1 a ii n i a f inna r i a (* fo 1 ia, 649 
llTTTl'IirNS, l.EE M., (409) 

Hydroxy mercuri chlorophenol (Sim* Fungi¬ 
cides; Seinesan) 

H ypericum I )0 reale, 653 

llieris, Pythinni on, 782 
giliraltarica, 648 
seni[)ervirons, 648 
uinbollata, 648 
linjiatiens balsainina, 646 
liolstii, 646 

Incarvillea variabilis, 654 
ltidole-3-ac(*tic acid, 505 
(lndole-3 ) -w butyric acid, 505 
insi'clicides, control of Lygus bug on bean, 
498 

1)1)4;, 405, 407, 681 
Pyretlirurn, 505 
Koto none, 519 

Insects, abscission indiiciMl In, control, 514 
injury to Lima beau, 493 
spittle insect in jnrAL burn blight of pine, 
399 

transmission of disease, 418 
Insects as viM-tors, alfalfa virus, 1 v apliids, 
142 

])ig vein of lettiict*, by a])hids, 264 
onion yellow dwarf, by aphids, 2!L3 
I'ierce’s disease of grape and alfalfa. 
118, 401, 634 

witcluMs ’ broom ot alfalfa. In’ loafhop- 
pers, 772 

ipomoea batatas (See Sweet jjotato^ 344, 
648, 979 
nil, 648 
setosa, 648 
tricolor, 648 

^Isotlmn (See Fungicides) 

jAuonsON, Tl. (J. M., (399) 

Jept.’ERS, W. F., 402, 086 
Ji NKiNs, Anna E., 458, 1043 
Johnson, E. A1., 112, 142 
Johnson, Folke, 384 
Johnson, James, 402 
Johnson grass, sootA'^ strijio of, 200 
Jones, F. E., 1057* 

Jones, E. C., (409), (681) 


Kalanchoe diagremontiana, 654 
Keil, Harry I..., 403 
Keinholz, J. R., 778 
Keitt, G. W., 1, 403, (406) 

Kent, G. G., (389) 

Ko, SiANG Yin, 220 
Kocii, L. W., (401) 

Kochia scoparia, 647 
Koehler, Benjamin, 403, 937 
Kreitlom’, K. W., 403, 404 
Kreutzer, W. a., 329 
KuNTZ, J. E., 404 

Lackey, C. F., 388, 462 
Lactnea sativa (See iR'ttiice) 
scariola, 979 

Laminin am]>lexicanle, 649 
IjAngford, M. tl, 686 
Lantana camera, 345, 652 
IjARson, E. 11., 404 
Late blight, fungicides for, 407 
on tomato, 389 
s]>read of, 423 

technique for epidemiology study, 322 
water-congestion and infection, 402 
Lauryl isoqninolininm bromide (See Fiin- 
gicid(‘s: Isotban Qiri) 
ljivat<*ra trimestris, 654 
Leai'H, 3. (L, 57, 404, 876 
Leach. L. D.. (549) 

Ijim'hI arsimate, 573 
Leueau, F. j.. 393, 404 
Lehe.v, Gi rt (\, (402), 405 
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JjKhman, S. G., 405 
Li'iis es< ub*nta, 649 
I.cptosyiK' niaritima. 648 
LesiK*d'‘za, 979 
anthracnose, 524 

stijuilaci'a, snsceptibilitv to antliracnosi*. 
532 

stri.ata, susc(*j)tibility to anthracnose, 532 
Lettuce, 679 
l)ig vein of, 264 
seeij treatment, 729 

suscejtlibh* to I’hytomoiias aptata, 552 
Leuket-, E. VV., (688 ) 

I.evulinic acid. 505 

i/ilium longiflorum, var. f‘xiinium, 391 
philippinensi‘, 653 

Lily bulbs, treatment Avitli fungicides and 
growth substances, 686 
Lima bean (Sim' Bean ; TJma ) 

IJme (See Fniigii'ides) 

Limoninm bonduelli, 654 
sinnatnm, 651 
Jjinaria maj-occana, 650 
vulgaris, 650 
Liuum (lavum, 653 
grand)llorum, 654" 
lierenne, 654 

jjobelia spp., hosts for tobacco viruses, 649 
liObularia rnaritinm, 648 
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liOEGERlNG, W. Q,, (400) 
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l.<unari« annua, 548 
Lupiiu?, factors affecting seedling survival, 
479 

IjUpimis angijstifolius, 479 
hartvvegii, 649 
JjUTTRELL, E. 8., 905 
Lycliiiis coeli-rosa, 547 
T/vcium cbiiiense, 550 
J-<ycoi>ersicon (See also Tomato) 
cliilense, 550 
esculentnm, 551, 595 
hirsuturn, 551 

lesistance to mosaic, 585 
penivianiim, 551 
pi!n]»iji(*llif*olium, 551, 695 
Lycojnis rnbelhis, 549 
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lu'Hpcnis, causing Lima ])ean injury, 552 
o 1)1 i neat us, 514 

Machner, J. it., 585 
Macro])lioma z(‘ae, 204 
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vn[)or on, 888 
pycnidial strain of, 978 
Macrosiplhim solaiiifolii, 2(54 
Macrosporiufn, (579 

effect of diphenyl vapor oii, 888 
on sugar beet, 594 
sarcinaeforme, (580 
Macrosteles divisus, 514 
Mahouia, jis alternate host of stem rust, 4(M( 
Mala<*hite greem, 290, 59(5 
Malope triifida, (554 
Malva rotundifoba, 554 
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Melaiiospora, effect of diplienvl vapor on, 
888 
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Merthiolatc (Bee Fungicides) 

M esem bry ant h emu m c ry st a 11 i n u m, 645 
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Mills, W. i)., 355 
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Minz. Gershon, 585 
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Mokofsky% W. F., (407) 

Morris, H. E., (594) 
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Nematode, D-D for control of, 408, (584 
golden, 180, 585, 588 

as a (juarantine problem, 587 
on bird’s nest fern. 892 
l*anagrolaimus .subedongatus, 215 
root knot of tolxicco, 540, 584 
r<»ot rot of tobacco, 584 
Xemesia vstrumosa, 550 
Xcimiphila insignis, 548 
maculata, 548 
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sp]>., virus vectors, 554 
Ne])etM cataria, 549 
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Newhall, a. (L, S95, (982) 

New Jm|>roved (’eresan (Sec Fungicides) 
New Improved Semesan (See Fungicides) 
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Nicotiana glauca, 587 
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curlv to[) virus in, 454 
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talmcum, 540 
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inaj|?m*Hiuni, in relation to cotton root rot, 
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manganese as a cause of apple measles, 
395 

of bean and susceptibility to Xantho- 
monas plias(*oli, 613 

of Japanese chestnut in relation to 
l)liglit, 554. 

of onion in relation to yellow dwarf 
virus, 297 

of potato in relation to l(‘af roll, 409 
of tomato in rcdation to defoliation by 
Alternaria, 681 

Oak wilt, 397 
Oats, mosaic of, 359 

new Tlelminthosporiuin disease of, 40<) 
reaction to loose smut, 433 
reaction to stem and crown rust, 226 
resistance to Helminthosporium, 407 
seed microflora of, 399 
O’BllIEN, M URIEL, (410) 
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Olive, Ijndsay 8., 19U 
Onion, 679 

Diplodia rot of, 245 
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Oirhiotrichum, on cotton seed, 29 
Orange, stem-end rot, 750 
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Orchid, bacterial disease, 6!>5 
Orton, C. 11., 241 
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Oxalis, 395 
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stricta, 654 

Pagaronia sf»}),, virus vectors, <)34 
Palmiter, I). H., 681 
Papaver nudicaule, 649 
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Paratrio/.a cockerelli, 899 
F*arris, 0. K., 408 

Partheiiiuin argentatum (See (iuayule) 

Pastinaca sativa, 652 

P.> TRICK, STE W A KT, f 1 63 'i 

Pea, 680 

Pythium on, 781 
seed treatment, 92, 729 
water-congestion and infection, 402 
Peacii, blotch, 273 
mosaic, 396 

transmission of wart virus, 675 
IVar, bacterial Irlight, 717 

geographical distribution of Eisinoe niri 
on, 458 

reduction in yield by sulfur spray, 777 
relargoniuin liortoriim, 648 
Armillaria root rot of, 302 
odoratissimum, 648 

Pellicularia inicrosclerotia, efl'ect of di- 
])lienyl Capor on, 888 


l*enicilliiim, 679 

control of on citrus fruit, 398 
cojitrol of on corn seed, 93 
digitatum, effect of diphenyl vapor on, 
888 

expansuin, effect of diphenvl vapor on, 
888 

effect of ultraviolet radiation on spores 
of, 102 

italiciim, effect of diphenyl vapor on, 888 
notatum, 290 
on cotton seed, 34 
oxalicum, 403 

Penicillin, cheinotherai)y with, 717 
Pensteinon grandiflorus, 650 
Pepper, 679, 680 

tobacco-etch virus on, 685 
Peronospora manchurica, on alfalfa and 
soybean, 1057 
l*ERSON, L. H., 869 

Pestalotia, effect of <lij)henvl va])or on, 888 
Peterson, W. H,, (401) 

Petros(‘linum hortens(‘, 652 
Petunia hylnida, 652 

Phacelia spp., hosts for tobacco viruses, 649 

Phalaenopsis, 695 

l*ha SCO Ills (See also Bean) 

spp., hosts for tobacco viruses, 649 
Phenothiazine (See Fungicides) 

Pheiioxy acetamide, 505 
acetic acid, 505 

Phenyl mercuri triethanol ammonium lac¬ 
tate (See Fungicides; Puratized) 

Phlox drnmmondii, 650 
Find iota srjuarrosoides, 408 
Phoma betae, I'ffect of diphenyl va))or on, 
888 

destructivii, effect of dijilu'uvl vapor on, 
888 

lingam, variation in, 408 
on sugar b(a>t, 394 
pond, control of on apple, 236 
Phomo})sis, 152 
citri, 750 

effect of diphenyl va})or on, 888 
vexans, effect of dijilumyl vapor on, 888 
Pliosjdiorus and wheat stem rust, 557 
Phragmidium rul)i idaei, race's of, 383 
Phygon (Set' Fungicitles) 

Phyllacora gram)nis, tin ctirii, 412 
Phylltisticta strominella, efl’t'ct of diphenyl 
vapor on, 888 

Pliyinatotrichum omnivorum, 668 
Jffiysalis alkekengi, 652 
angulata, (552 
peruviana, 645, 652 
siibglabrata, 652 

IMiysalospora zeae cause of corn ear rot, 
201 

Physioltigic sjiecialization, Perco.sptira orv- 
zae, 395, 950 * 

Ctirticium solani, 401 
Erysipho polygoni, 373 
(Bomerella cingulata, 532 
Phragmidium rubi-idaei, 383 
toliacco etch virus, 685 
Hstilago avenae, 400, 434 
Physiology of microtirgaidsms, Corticium 
solani, 401 
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(iIonicrclln cinj^ulatn, 694 
J*s(Mi(loinoM.‘JH l.'K'livyjrians, 945 
Htrcptoinyccs ^J^riscus, 412 
V^cnturia inncqualis, 405 
Phytolacca (Iccjuidra, 650 
PliytomoiiMH ajitata, Hccd transmission of, 
“ 549 

asplenii n. sp., 758, 892 
cattlcyac, 695 
juj^landis, 717 

macuUfolium-gardeniae n. sp., 865 
tumcfacicns, 400 

10iytoi»ht])ora capsici, on tomato, 329 
('itioplitliora, effect of diphenyl vapor on. 
888 

infestans, 322, 407 (See also Late blight j 
on tomato, 389 

I’iiK*, lairn-lilight and sjiittle insect injury, 
399 

Piricularia oryzeae, 1056 
Pisnm sativum, 649, 781 (Sec also Peal 
Plantago laiiceolata, 650 
inajor, (550 
riigelii, 650 

Plastids, seasonal changes of, in llosta, 472 
1‘Jatymoideus acutus, 771 
Plectos|)ira myriandra, 845 
IMeosjiora lycopeisici, effect of diphenyl 
va])or on, 888 

Poa ]>ratensi,s (Sec' llluegrass) 

Polanisia trachysp(‘rma, 647 
T'ollack, P. 0.’ (988) 

Polya uiia ini miens, 514 
I’olygonum liydro|»iper, 654 
l‘OMKKLi:,\r. itKNK, 408 
Po])lar, canker of, 148 
Populns (See INiplar) 

Poria punctata, 408 
J’OJrj’K, W. S., (685 ) 

PuKTF.K, li. II., 168 
Portulaca oleracea, 650 

Potato, control of nematodes with D—1), 
684 

(*arly 1 (light control with zinc ethylene 
1 (i s d i t h i 0 c a r I >; i m a t e, 68 5 
Lrwinia oarotovora in tubers. 237 
g((l<len munatode of, 686, 6SS 
grc'cn dwarf, 671 

hair s])roiit in relation to ])sy]lids, 899 

internal necrosis of tubers, 480 

late Mi«.>ht, dissemination of, 423 

fungicides for, 407 

net necrosis, 686, 101(5 

nutrition in relation to leaf roll, 409 

resistance to early blight, 1011 

scab, 388, 411 

and calcium jiotassiuuj ratio, 399 
in relation to soil pTI, 682 
Sclerotiinn rot of seed pieces, 239 
siuays and dusts, 407 
stem-end browning, 925, 1016 
Potent ilia arguta, (554 
mons])(diensis, 654 
P()i:ni), (1t;knn S., 408, 1035 
DwiaiTT, 572 
Prat vlenchns, 684 
Ib-emnnity, 627, 892 
l‘i{FSLi-;V,\T ohn T., 565 


Price, W. V., 157 
Primula malaeoides, 650 
obconica, 650 
Proboscidea louisiana, 649 
Prunella vulgaris, 649 

l*runus armeniaca, Armillaria root rot of, 
302 

jiorsica, Armillaria root rot of, 302 
spp., hosts for cherry tatter-leaf virus, 74 
hosts for pcach-ldotch virus, 275 
Pryor, Dean D., 170, 264 
Pseudornonas lachrymaus, causing spot of 
honeyd(^w melon, 943 
medicagiuis var. phaseolicola, overwinter¬ 
ing of, 677 
syringac, 677 

Psyllids, causing internal necrosis of po¬ 
tato tulaws, 480 

in relation to hair sprout of j)otato, 899 
I^uecinia (See also llust) 
coroiiata, 226, 404, 418 
glumarum, 410 
gi'aminis, 400 

aveuae, 226, 400 
tritici, 381, 400, 557 
Tubigo-vera, 410 
.sorgbi, 395 

Pullularia, effect of ultraviolet radiation on 
sj)ores of, 102 

Puratized (See Pnngicides) . 

]*yrax AP>P>, 505 
Pyretlirum, 407 
Pythium, 403 
anandrum, 839 
arrlienomanes, 410 

(‘ff(‘ct of crop rotation on, 410 
control of damping-off' caused by, 679 
debaryanum, 169 

effect f)f dijdienyl vapor on, 888 
effect ((f crop rotation on, 410 
devolopiiH'nt and morjdiology of species 
of, 781 

gra minicola, 169 
oligandrurn, development of, 781 
on sugar beet, 394 
])erjplocum, dcvelo])ment of, 803 
salpingopliorum, development of, 805 
ultiiniim, seed treatment of peas against, 
93 

nndnlatuiii, 846 
A exans, 819 

Quanmek, it. ]\r., S92 

(.^uercus spp., hosts for Chalara qiiercina, 
397 

o-Quinone dioxiine (See Fungicides) 

Radish, infeclion bv Actinomyces scabies, 
3S8 

Ramsey, Glen B., 245, (887 ) 

Raniulispora sorghi comb, nov., causing 
sooty stripe of sorghum, 198 
TUnd.'f. V., (1) 

Rands, R. D., 688 
Ranuueulus asiaticus, 654 
Paphauus raphaiiistriim, 648 
sativiis, 648 

Kaspberry, mild streak virus of, 402 
yellow rust of, 383 
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Bay, W. W., 40y 
Reeves, E. L., 409, (409) 

Reseda odorata, 654 
Resistance, of cabbage to mosaic, 408 
celery to Cercospora, 980 
corn to Helminthosporium, 412, 660 
cotton to bacterial blight, 409 
to wilt, 703 
grape to black rot, 910 
Ilevea to leaf blight, 686, 688 
Lima bean to mosaic, 170 
oats, 688 

to Helminthosporium, 407 
to rust, 226 

onion to Dip India rot, 248 
potato to early blight, 1011 
rice to Cercospora, 950 
tobacco to mosaic, 412, 685 

to root knot and nematode root rot, 
684 

tomato to fruit rot, 338 
types of, in plants, 624 
Resy)iration, as affected by fungicides, 080 
Rhizoctonia, on lupine, 479 
on sugar becd, 394 

solani, effect of di})henyl vapor on, 888 
effect of temperature cm pathogenicitv, 
638 

seed treatment of pea against, 93 
on soybean, 411 

Rhizopus, effect of diphenyl vapor on, 888 
effect of ultraviolet radiation on sjmres 
of, 102 

nigricans, control of on corn seed, 93. 
162 

on cotton seed, 29 
Rice, 395 

reaction to Cercosporji oryzae, 950 
Richards, Ti. L., 409, (409) 

Richards, (^ Atjdrky, (399^ 

Richards, M. C., 409, 681 
Ricinus communis, 653 (See also (’astor 
bean) 

Biker, A. J., (399), (401), (504), 953 
Roberts, E. A,, (681) 

Roberts, John W., 175 

Rodriguez V., Jose, 410 

Root diseases, techniquei for study of, 667 

Root knot, of tobacco, 684 

Root rot, of asparagus, 399 

of cereals and grasses, effect of crop ro¬ 
tation on, 410 
of milo, 410 
of tobacco, 400 
of wheat, 252 

Rosa, Armillaria root rot of, 302 
odorata, 654 

Rose, failure of bud and graft unions 
caused by Chainrox>sis thielavioides. 281 
Ross, A. Frank, 925 
Rot, control of in oranges, 750 
of deciduous trees, 408 
of muscadine grapes, 905 
of orchids, 695 
of sweet potato, control, 869 
of tomato fruit, 988 
pole-rot of tobacco, 679 
Rubber (Bee Hevea) 

Rubiis, 1043 


Rudbeckia hirta, 648 
Rudolph, B. A., 717 
Rue, John L., (396) 

Ruga verrucosa (See Viruses j curly top) 
Bumex crispus, 654 
obtusifolius, 654 
Rupert, Joseph A., (726) 

Rust, bean, control Avith sulfur, 689 
corn, 395 

crown, reactions of Pestuca to, 404 
oats crown, dissemination of, 418 
reactions of oat hybrids to, 226 
oats stem, reactions of oat hybrids to, 
226 

pine blister, dissemination of, 422 
raspberry, 383 
stem, in Mexico, 400 
sunlloAvcr, 402 
teosinte, 395 

wheat leaf, dissemination of, 424 
in Mexico, 410 

wheat stem, and i)liosphoru8 distribution, 
557 

in relation to yellow berry, 381 
wheat stri])e, in Mexico, 410 
Ry^all, A. li., (398) 

Ryan, Mary A., (57), (404), (876) 

Saiiitpaulia ioiiantha, 648 
SalpigloHsis sinuata, 652 
Salvia spp., hosts for tol)acco viruses, 641> 
Sanvitalia procumbens, 648 
Scab, on potato, influence of pH, 082 
Scaldosa atropurpurea, 653 
caucasica, 653 
SuitaLLER, (\ W., (534) 

Schiniis molU‘, Armillaria root rot of, 302 
Schizantlius ])innatus, 652 
Sclerospora graininicola, on <'orn, 410 
Sclerofinia camelliae, 380 
fructicola, effect of ultraviolet radiation 
on spores of, 102 

intermedia, effect of dipluuiyl vapor on, 
888 

minor, t‘ffect of diphenyl vapor on, 888 
sclerotionim, causing j>ole rot of tobacco. 
679 

effect of diphenyl vapor on, 888 
Sclerotium rolfsii, effect of diphenyl vaj)()r 
on, 888 

rot of potato 8<ied pieces, 239 
Sccalo ceroale, 653 
Seed injury, by l^ygiis bug, 493 

in relation to infection by Xanthomonas 
transJucens var. cerealis, 450 
Seed transmission of bacterial blight of 
sugar beet, 549 
of inilo disease, 410 
Seed treatment, 406 
castor }>ean, 689 
cotton, 405 

effect on r(‘spiration, 670 
gnayiile, 999 
hemp, 937 

peas and sweet corn, 92 
soybean, 169, 401, 688 
sAveet potato, 402 
vegetables, 727 

viability of stored seed, 403, 937 
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SEMKN1T5K, G., 410, (411) 

Scinesiiu (8ee Fungicides) 

Heiiccio cineraria., 345 

Sep tor ia citri, effect of diphenyl vapor on, 
888 

Ivcopersici, effect of diphenyl vapor on, 
888 

niiisiva, canker on hybrid poplars, 148 
Shallot, virus of, 292 
SiTANDS, II. L., 534 
Shay, J. E., (403) 

Shear, C. L., (1043) 

Sii ERWIN, Helen S.^ (190), 688 
Silene anglica, 647 
pcndula, 647 
Sinuingia speciosa, 648 
Slagg, C. M,, 410 
Smith, Floyp F., (292) 

Sleetit, n., 999 
Smith, M. A., 943 
Smith, Oliver F., 638 

Smut, barley loose, reaction of barley 
varieti(‘s to, 531 
blii(*grass stri]>e, 50 

<'ytology of, in culture, 404, 876 
bunt, effect on otiuu' diseases of wheat, 
400 

of wheat in Mexico, 410 
corn, method of inocnlation, 411 
variation in, 398 
oats loose, races of, 100, 433 
reaction of oat varieties to, 433 
of teosint(‘, 395 
wheat Hag, in Mc'xhto, 479 
wlu'at loose, dissemination of, 418 
yi(‘l<l rednetion bvj 1040 
Snapdragon, 687 

Snyder, Wili.iam (3, 481, 484, (493), 897 
Sodium ethyl mercurithiosalievlntc (See 
Fungicides; Merthiolate) 

Sodium metaborate, as contr(»l of citrus 
fruit decay, 398 

Sodium ortliophtujylphenate (See Fungi¬ 
cides) 

Soil, fumigants, 11-D mixture, 408 

transmis.sion of t)ig vein of lettuce, 264 
Solanum mclongena var. esculentum, in¬ 
fected })y Pliytomonas a])tata, 552 
spp., hosts for tobacco viruses, 652 
tuberosum, (Sec' Potato) 

Solidago riDTosM, 648 
Sorghum, 979 
halepensi', 192 
sooty stripe of, 190 
vulgjire, 192 

Sorosporium, on teosinte, 395 
SouthWK’K, M. D., (OSl) 

Soybean, btowii stcmi rotj 394 
imd blight eaused by virus, 319 
control of bacierlal pustule by dusts, 405 
downy mibh^w, 1057 
induced b.-ildhcad of, 168 
relation of stomata! behavior to infec- 
. tion 1)y Xanthomonas pluuseoli var, 
sojense, 385 
Ehi’/octoni:i solani, 411 
s(‘ed tr(‘atinent, 401, 688 
Spergon (See Fungicides) 

Sphaceloma necator comb, nov., 1047 


Spinach, 680 

seed treatment, 729 

Spinacia oleracea, 647 (See also Spinach) 

Sprague, Eoderick, 410 

Stakman, E. 0., (400), 411, (479) 

Stanton, T. K., (400), (433), 688 

Steiner, G., 688 

Steinmetz, F. JT., 682 

Stcllaria media, 647 

Stem-end browning, of potato, 925 

Stevens, Kay, 411 

Stevenson, E. G., 689 

Stevenson, Frank V., (411) 

Stevenson, FRitoERiCK J., (87) 

Stevenson, John A., 487 
Stoddard, E. M., 682 
Strawberry, virus of, 684 
Strcptomyces grisciis, nutrition of, 412 
Strong, M. C., 218 
Stuart, Neil W., (279), (687) 

Sudan grass (See also Grasses; Sudan) 
sooty strijie of, 200 
Sugar beet, 394 
Pythiuin on, 782 

cnrly-to[) virus concentration in, 38 
mass action as a factor in infection by 
curly-top virus, 53 

seed transmission of bacterial blight, 549 
Sulfur (Sec Fungicides) 

Sunflower, 979 
Sweet potato, 979 

growth regulating effects of fungicides 
on, 686 

internal lirowii spot, 164 
internal cork, 18 
Pythium on, 781 
soil rot, control with sulfur, 869 
Syniplocarpus foetidus, 653 
Syncex)halastrum, effect of diphenyl vapor 
on, 888 

Systena taeniata, 514 

Tagetes sp])., hosts for tobacco viruses, 648 
Takahashi, William L., (129) 

3\\pke, V. F., 167, 689 
Tanixacum kok-saghyz, 346 
officinale, 648 

Taylor. Garlton F., 411, 726 
Techiiiqiu', Aerosol treatments for tobacco 
blue mold control, 684 
aids for study of potato-late-blight epi¬ 
demiology, 322 

artificial induction of abscission of bean 
leaves, 504 

assay of stability of organic fungicide 
residues, 679 

detenu illation of virus in meristems, 462 
dipheuvl, for control of contaminants, 
887 ' 

elect ro|diorotic studies of plant viruses, 
129 

for field evaluation of fungicides, 686 
for inoculation, Helminthosporium of 
barley, 689 

loose smut of barley, 536 
loose smut of oats, 433 
Ustilago striaeformis of bluegrass, 65 
TTstilago zcae of Maydeae, 411 
wotting and adhesive agents, 1056 
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for study of root disojises, 667 
radio-active elements in the study of 
pliysiolof^y of disease, 507 
seed and s(*(*dliiig infection with Xantho- 
inonas transliicens var. cevealis, 440 
seroJoji^ical method for distinguishing 
southern bean mosaic virus, 157 
single ascos]K)re isoJations from apo- 
thecia, 107 

spraying, interactions of factors, 080 
Teinpei^tiire, offc'ct on l)aldhead of soy- 
bt'aii, IfiO 

browji stem rot of soybean, 304 
die-back of guayulo, 505 
Fusarium wilt of tomato, 218 
golden nematode of potato, 187 
growth of (llomeri'lla citJgulata, 531 
ll(*lininthoS]»orium foot rot of barley, 
307 

iufi'ctioii by Xaiithomonas translucens 
var. cmealis, 448 
necrotic ring spot virus(\s, 4(H‘» 
oat niosai(*, i)50 

j»athogenicity of (lialaro]>sis thielavioides 
on rose, 280 

]»otalo net necrosis and stem-end brown¬ 
ing, 1010 

jjowdery mildew of broad bean, 372 
llliizoctonia solani, 038 
seed treatment of In'in]), 037 
st'ed treatment of soylxa'ui, 088 
sporuJatiori of llelniintliosporium, 1040 
tcmiato fruit I'ot, 3)30 
wilt .aud root I’ot of as]>aragus, 307 
yellows virus of soar cherry, 353, 400 
'’remperaliire of soil, (dfeet on big vein of 
lettma', 200 

efiVid on incidence' of root rot of wheat, 
251 

relation to Armillai'ia root rot, 3i02 
relation to root canker of alfalfa, C/MS 
Tenn. 34 (See Fiuigieides) 

'reosiote, disease.s of, 305, 411 
T<*rsan (See Fniigicides) 

^’KiiVKT, 1 \N \V., 411 

7\*tracliloroi esoi’cinol (Sia* Fungicides) 
7\^tragonia ex|)ansa, 04 0 
TetiMinethyl thiuinm disulfide (See Fungi 
cides; Arasan) 

T li (d e s[) (? r m a li y 1 >) i d urn, 018 
Thikcs, liEfijiAnD 3., (400) 

Thiela'iojisis basicola, 284, 401 
7’liiosan (See Fnngii'ides; T(>rsan) 

Thioun'a (Stu' Fungieidt's; Thiourea) 
Thomas, II. Fakl, (281), 381, (4S1), 
(095), f897) 

Thomas, W. D., 324 
wThornukkky, H. it., 412 
Thunbergia a lata, 053 
Thurston, II. W., 0S3 
I’lFFAWY, Leavis Hanford, 327 
Tiffany, Lois, (411) 

Tilletia (See also Smut; bunt) 
caries, 400, 410 
foetida, 400, 410 
levis (See Tilh'tia foetida) 
tritici (See Tilletia caries) 


Tobacco, control of blue Jiiokl with Aerosol 
treatments, 684 
curly-top virus in, 462 
etch (Sec Viruses) 
mosaic (Set; Viruses) 
pole-rot of, 679 
resistauee, to mosaic, 412, 685 

to root knot and munatode root rot, 
684 

to root rot, 400 

water congestion and infection, 402 
'romato, 349, 679, 979 
bushy stunt virus, 157 
cuticle eracking of fruit, 413 
fruit rot of, 329, 988 

fungicides in control of Alternaiia, 681 
Fusarium wilt, 218, 399, 691 
late Idiglit, 389 

nutrition in relation to defoliation by 
Alt(‘rnaria, (581 
PytJrium on, 782 
seed treatment, 729 
water-eong(‘stion and iiifeetion, 402 
wilt, caused by bacteri.al toxins, 401 
Tompkins, F. \i., 699, (758), (892) 
'rorenia fonrnieri, 650 
Torrik, James 11.. (22(5), ( 1057) 
'!'ow.\sf.nu, L. it, 980 
Trachyimnu' cneruh'a,, 652 
Transmissidti, of alfalfa virus, 142 
of nifalfa witches' broom, 7(57 
of baeterinl blight of sugar beet, 549 
(►f big vein *)f Icltnee throngli soil, 26-1 
of grerji dwarf of potato, (572 
of milo disease. 110 
of onion yellow-(Iwa»‘f virus, 21>3. 
of Fierce’s flis(*ase of grape, 118, 634 
of plant dis(*ase8 Ijv insc'cts, 418 
of strawb(‘rry virns, 684 
Tril>asie co|)j»er snlfati' (See Fungicide's) 
I’rie'bloropbeiiol, zinc sail of (See Fungi¬ 
cide',s; Dow 9) 

Triedioderma virieie, effect of diphenyl 
va])or on. SS8 
Trife»linm incarnatnm. (549 
praten.se. 6)49 
repeus, 6-19 
virees of, 114 

2,3,5-'rriie>ele)b('u/.oie .aciel, 505 
I’rips.-ieum elaetyloide's, inoculation with 
smnt, 411 

’rriticum aestixiim, (553 (Se'C Wheat) 
7’rojn'u'oJum ma jus, 654 
Tsiaxu, (\ T., '(411) 

Tubereularia, causing e'.aukers on TTlmus 
pumil;i, 395 

’Pulij) spot, (lisse'ininat ieeu of, 424 
E. F., (395), (950) 

Turf grass (Se*e'. (nasse*s; turf ) 

’ri'RNER, KeeI.Y, (680 ) 

Ubnus pomila, 284 
canker of, 395 

Urocystis tritie'i, in Alexico, 479 
TJstilago avouae, 433 
race's of, 400 
dieteliana, 411 
kellermanii, on teosinte, 395 
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Itolleri, 433 
iiuda, 534 
scitarninea, 411 
striiforinis (strinofornus), ehlaniy(los])oro 
[iforaiiiiatioii and culture, 59 
f. poao pratensis, cjtoJogy of, 404, 870 
iiudJiod of vnoculatinj' hluejyrass Avith, 
05 

z(‘ae, adaf>tation to arsenic, 411 
method of inoculation, 41J 
variation of, 398 
rnT.STKTn% Arnold J., 201, 412 

Valleal, \\\ 1)., (1 12), (277), 412 
A'ariation, in Gihijerella zone, 390 
in Phoina liuj^am, 408 
in TTstila^o Z('a(‘, 398 
in A’anthonionas phaseoli, 589, 013 
Yenturia inaeijualis, physioioy;y of, 405 
pyrina, 777 

Verbascuin phoeniceuin, 050 
Verbena spp., hosts for tobacco viruses, 
052 

Veronica spp., hosts for tobacco viruses, 
(550 

Viciu faba, 049 (8e(‘ also Beau; broad) 
infected ))y f’hytoinonas aptata, 552 
sativa, 049 
Vifjna sinensis, 049 
Vinca rosea, 053 
Viola arvensis, 054 
Viruses, alfalGa witches’ broom, 702 
l)ean mosaic, 324 

association witli bat't(‘ria, 589 
bean virus No. 2, 394 
l)ean viiais No. 4, electrophoretic studies 
of, 137 

log vein, Iransniission of in lettuce, 204 
blueberry stunt, 084 
cabbage nio.saic, n‘sistance to, 408 
control of, 1035 
eaulillowm* virus No. 1, 409 
chcTry wilt and decline, 409 
cucumber mosaic No. 1, electrophoretic 
studies of, 137 
(‘ucuinbt'r virus No. 1, 404 
eurlv't<ip, coiuamlration in sugar bi*et. 
38 

in nieristemati<‘ tissue, 402 
mass action as f.actor in infection 
of sugar beet, 53 
ehH'trophoret Ic studies of, 129 
garlic virus, reaction of (uiioii varieties 
to, 292 

i?fhil»itors in spinach extract, 404 
lima be.an mosaic, 170 
mild st of raspberry, 402 
n.arcissus vims, n'actioii of onion va¬ 
rieties t(», 292 

necrotic ring spot, effect of temperature 
on, 400 

oats mosaic, 359 

of alfalfa and white clover, 142 

of Bryiigium, 402 

of sweet cherry, 409 

onion yellow-dwarf virus, effect of nitro¬ 


gen oji susceptibility of onion to, 
297 

reaction of onion varieties to, 292 
jieach blotch, transmission of, 273 
peach mosaic, forms of, 390 
j)eacli wart, trausniissioii of, 075 
Pierce ’s disease, of grape, 401, 034 
insects as vectors, 034 
on alfalfa and grape, 401 
potato green dwarf, 071 
j)otato leaf roll, effect of nutrition ou, 
409 

potato ring spot, 157, 404 
potato veinbanding, 157 
potato X, electrophoretic studies of, 130 
j)otato Y. electrophoretic studies of, 137 
shallot virus, reaction of onion varieties 
to, 292 

sour cherry yellows, 353, 400 
relation of t^unpei-atine to, 400 
soutli(‘rn bean mosaic, antigenicitv of, 
157 

stone fruit-virus cultures, ring-si>ot con¬ 
taminant, 390 
strawberry, 084 

stubborn diseas(‘ of citrus, 075 
tatter leaf of sweet cherry, 73 
tobacco etch, 157 
host range of, 043 
on p(‘p]>ers, 085 
tobacco mosaic, 157, 390 

electropboretic studies of, 134 
fi(‘ld strains of, 112 
host range of, 043 
tobacco varieties resistant to, 412 
wild tomato resistant to, 085 
tobacco necrosis, 157 
tobacco ring spot, causing bud blight of 
soybean, 319 
tot)acco virus No. J, 404 
tomato bushy stunt, 157 
turnip virus No. 1, 404, 409 
A'itis sp])., inoculated with Guignardia, 919 

Walkkk, K. a., 089 
Walker, J. C., (398), (404), 415 
Wallin, J. B,., (410), 412, 440 
Walnut, bacterial blight of, 717 
black, 284 
Persian, 284 

Waterman, Alma M., 148 
AVatenrielon, 408 
Pvthiiiin on, 782 
Wklmer, j. L., 524 
Wkindlinu, Bk’Hakd, 413 
Wellman, K. 11., 082 
West, Erdman, (239) 

Wester, Borert E., (170) 

Wheat, bacteria in association with roots 
of, 277 

bunt of, in Mexico, 410 
(‘ffect of bunt on other diseases, 400 ^ 
effect of fusarinl head blight on bunt, 
400 

f.actors influencing root rot of, 252 
Hag smut in Mexico, 479 
foot rot, 400 
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Pythium on, 782 
seed inicroflora of, 399 
seedling blight, 400 

seedling infection with Xanthomoiias 
transliiceiis var. cerealis, 440 
stem rust and jdiosphorus distribution, 
557 

stem rust in relation to yellow berry, 381 
water-congestion and infection, 402 
yield reduction by loose smut, 1040 
Whittaker, C. W., (554) 

WiANT, James S., (245) 

WILLISON, E. S., 73, 273 
Wilson, C. T., (411) 

Wilson, E. E., 418 
Wilt, of asparagus, 397 
of cherry, 409 
of chestnut, 682 
of oak, 397 

of tomato, 218, 399, 091 
Witches’ broom of alfalfa, 702 
of corn, 410 

Woods, M. W., (402), 472 

Xanthonionas juglandis, 717 
malvacearum, 413 


phaseoli, dissociation of, 589, 013 
overwintering of, 077 
var. sojense, 277, 385 
control of by dusts, 405 
transliicens var. cerealis, races of, 440 
seedling infection with, 446 
vesicatoria, on wheat roots, 277 

Yellow beiTv of wheat, 381 
Yellow calla, 699 

Yellow eu|)rocide (8(‘(‘ Fungicides) 

Youno, P. A., 391, 413 
Yu, T. F., 370 

Z-39 (See Fungicides) 

Zaluzianskya villosa, 650 
Zantedeschia elliottiana, 699 
Zaumeyek, W. J., 689 
Zea mays, 653 (See Corn) 

Zerln te ( See Fu n gic ides) 

Zinc ethylene bisdithiocarhamate (See Fun¬ 
gicides) 

Zinc trichlorophenate (See Fungicides,- 
Dow) 

Zinnia (*legans, 048 
haageana, 648 
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ERRATA, VOLUME 35 

Page 1008, line 1, read Pseudomonas for Psudomonas 

Page 1009, line 39, ruad inoculation techniques for infection techniques 

ERRATA, VOLUME 36 

l^age 14, line 15, read Ann. Rept. 6: 84. 1892 (1893). for Ann. Rept. 5: 84. 
1892-93 

Page 22, table 1, footnote c, read Moderate, 5 to 10 spots per root, foot¬ 
note e, read Weighted average of scale, none to 4, inclusive 

Page 37, item 2 in literature cited, read Karon for Katon 

Ihige 38, line 14 and Page 58, line 20, read verrucosans for verrucosa 

Pag(‘ 75, lin(‘ 38, read^ season for sesaon 

Page 92, line 30, read reduced the number of groAvths of Diplodia for reduced 
the Diplodia 

Page 511. figvii*e legend and Page 512, line 15, read abscisable for abscissable 

Page 549, line 20, read and in severe form near Klamath Falls, Oregon, and 
Alturas, California, at elevations above 4,000 feet for at elevations above 
4,000 feet 

Page 591, line 17, read special media/or media 

Page 593, liin* 5, nud extract as for yeast mediuin 1 for extract and yeast 
solution as for medium 1 

Page 611, line 16, read noiiinoculated fr/r inoculated 

Page 648, table 1, line 2, read Heliy)terum humboldtianuin for Helipterum 
humboltianum 

Ihige 680, line 22, reael G. A. Gries feer A. Gries 

Page 754, paragraph 5, read The low humidity room was held at 75 0“ F. 

and 56-57 per cent relative hnmidity, and the high humidity room was 
lield at 79 :± 3*^ F. and a relative humidity of 90-94 per cent 
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